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SELF- TEST (BI ST) ARCHI TECTURE FOR TESTI NG DI STRI BUTED
WOBNDBY4MODULES [ 0001] This application clai nsP€TeS2004/008663
benefit of U S. Provisional Application Serial No.

60/ 456, 452, entitled "An Appaltatus and Method for a
Menory Built-in Self-Test Engine," filed March 20,

2003. TECHNI CAL FI ELD [0002] The disclosure relates to

el GIERED BUIEVINSEBRACEST(BIST) ARCEITECYURE FOR TESTING

sel f-test ar chDISERVBETEDPMEMORY MOBUIES C
devi ces. BACKGROUND [0003] Built-in self-test (BIST)

units are now comonly incorporated into menory chips
and other integrated circuits to test their

i ity..and.reliabjlity. | BIST .
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Frging. bfiledMarsh 052008t s. By conparing the data witten
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nodul e, the BIST unit is able to determ ne whet her any

menory cell of the nmemEGHANIGAIEFIEL Paulty. [0004] The
'Béﬁgfat%g BI ST unit typically generates a variety of
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AehifehuB oS ARl PASHE dOflcdshe results of the menory
test. A variety of algorithnms nmay be used for

detecting nenory faults. For exanple, test patterns
of all zeros, all ones, or a "checkerboard"” pattern

havi ng alternati ng zer o BAGKGROIESDRY be witten
t hroughout the nenory cells. Mreover, the data may be

[o0o3 Nt leHQes‘% QBlIST) ﬂni?snXI:eoﬁgcg% conRidily Efﬁcogljporated into memory

consecutively in an i’ncreasing or decreasin
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C nly .included in many.types of int ated circuits
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verify the functionality of the internal
nopsielgi wexpory Fewisy By, caspasingothie cdatie it enyditleatldty subsequently
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test. A variety of algorithms may be used for detecting memory faults. For example,
test patterns of all zeros, all ones, or a “checkerboard” pattern having alternating zeros
and ones may be written throughout the memory cells. Moreover, the data may be
written to the cells in any order, such as consecutively in an increasing or decreasing
addressing scheme.

[0005] Thus, BIST units are commonly included in many types of integrated circuits
that use or otherwise incorporate memory modules and operate according to some
predetermined algorithm to verify the functionality of the internal chip circuitry.
However, electronic devices typically comprise more than the internal circuitry of a
single chip. Normally they are constructed from many integrated circuit chips and many

supporting components mounted on a circuit board.



menory chips and other integrated circuits increases.
For exanpl e, conventional conputing devices typically
wo pkigig1a plurality of the menory nodul es, WhPCTIUS2004/008663

often of different types. The nenory nodules within a

singl e conputing device may Enclude various

conbi nati ons of random access nenory (RAM, read-only

menory (ROM), Flash nmenory, dynam c random access
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stored and nmaintained test algorithnms to the

sequencers for application to the nenory nodules. The

BI ST control | er communi cat®YMARYy| gorithms as a set

of generalized commands that conformto a command
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of the nenor nmodul es. As a result, a variety of test
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nglﬂ%ained for distribution throughout an el ectronic

W&V Ce as needed. Consequently, common test patterns
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requirements;, physécat orgapiFaEon Earartesuiarpnterface chargtenisiess of the memory

modules. As a result, a variety of test algorithms may easily be defined and centrally-

maintained for distribution throughout an electronic device as needed. Consequently,
common test patterns need not be redundantly stored within memory modules.

[0009] The sequencers provide a second level of abstraction. The sequencers are
distributed within device blocks that include one or more memory modules. In this
manner, each sequencer is associated with one or more memory modules. The
sequencers receive the high-level commands from BIST controller. In response to the

commands, the sequencers issue a sequence of one or more memory operations to their



may i ssue commands to sequentially access a range of

addresses in response to a single comand fromthe
w@k@F/og@ni rol | er. The sequencers report the reBtl/US2004/008663

the tests to the BIST controller. [0010] The

sequencers control the appligation of the operations

in accordance with the timng characteristics of

their respective nenory nodul es. For exanple, each of
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[001B]| I@one @mbodiment, a system comprises a built-in self-test (BIST) controller, a
sequencer, and a memory interface coupled to a memory module. The BIST controller
stores a set of commands defining an algorithm for testing the memory module. The
sequencer receives the commands and issues one or more memory operations in
accordance with the commands. The memory interface applies the memory operations

to the memory module in accordance with physical characteristics of the memory

module.



built-in self-test (BIST) controller, and a plurality
of sequencers. The BI ST controller stores an
W@bk@ansdsnm f or testing the nenory nodul es. ThePCT/US2004/008663

plurality of sequencers are respectively coupled to

di fferent subsets of the nendry nodul es, wherein each

subset of the nmenory nodule is selected to include

the nenory nodul es having conmon cl ock domai ns. Each
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rpretation an app ication to menory
wsthad feshdr tcompeiseappidag tldd gemothoperati@sdortbe distxibuted memory
redundantl st or ed mn%ﬂln the menory nodul es. [0017]
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can be distributed to sequencers located throughout an electronic device for
interpretation and application to memory modules. As a result, common test algorithms
need not be redundantly stored within the memory modules.

[0017] In addition, the techniques may provide for the simultaneous application of
algorithms to different memory modules, which may reduce overall test time and more

thoroughly test for inter-memory effects. Moreover, the distributed, hierarchical nature



of the architecture may all ow the techni ques to be

readily applied to existing chip designs. [0018] The
waledraid@1of one or nore enbodi nents are set foP€TIUBI904/008663

t he acconpanying draw ngs and the description bel ow

O her features, objects, and5advantages will be

apparent fromthe description and draw ngs, and from

the clains. BRI EF DESCRI PTI ON OF DRAW NGS [ 0019] FI G

ol th$ aRhlitAck SAhpaliaw thel tesinid@ies g Wnreadidymapglied to existing chip

el ectronic device having a distributed, hierarchical
dpsigist -in self-test (BIST) architecture. [0020] FIG 2
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the BIST control]ler % d a set se u%n.cers for a
appHEtdromp fhegisectiption ag 1RSSR 018&@%? Mm [ 0022]

FIG 4 is a block diagramillustrating an exanpl e

enbodi nent of a device block. [0023] FIG5 is a bl ock

di agram i | | ust BRIEFPDESCBIRFION QFPRAWENGSof a
sequencer. [0024] FIG 6 is a block diagram
(06199 TGl i 9Q BRceXazRie itmadhgantexampk eetmmnyc device having a

interface. [0025] FIG 7 is a block diagram that
distribused, diesarchigaldwiling wliciesdBlyPrrchfecirgat a

raki gn: uni : (o1R:Tol
BFRE R, 2o Hokl BREhln TGS B, Bl CHROUAN of » BIST
dofisoléd. by the BI ST controller. [0027] FIGS. 9A-9E

o e e i Gia b b HERhe pERREn g ppetveen the
ﬂ;I;SGF‘t %@tﬂ fe@ afid QR &Jrt seljhdrdsfsr Rk i ging?éaéﬂ?ﬂnﬁatw of at p&eric BIST

istributed, three-tier self-test
agartivhect ure. DETAI LED DESCRI PTION [0029] FIG 1 is a

i agr il l.ustrat.i .an_exanpl.e _electroni .
8020 P g Bt e R o B E B PEbICRRb s geviop ook
[aetd)-rtiess (B8 diagehi il18aFHinE an kRarRslE binbuliiadent of a sequencer.
el ectronic device 2 includes a built-in self-test

08243 HIGe 6ris raoblogk diagranatillpstenling 9 ewmplappbadiment gha memory
A %vfel control over testing of device bl ocks 6A through
BIN¢t%1 | ectivel y "device bl ocks WD 2004/ 086410

[6677]US2004: 0086488 difrh) thaEdbitrats devixempll enkslifient of a data
i ncludes a sequencer 8, and a set of one or nore
SREABHYN Uht er f aces 10 and one or nore respective

[‘aﬁf'arfyld‘rgqyla%?ockzdiagram illustrating an example data structure of a command
issued by the BIST controller.

[0027] FIGS. 9A-9E illustrate exemplary data structures in accordance with the
command protocol described herein.
[0028] FIG. 10 is a flowchart illustrating example operation of the distributed, three-tier

self-test architecture.

DETAILED DESCRIPTION

[0029] FIG. 1 is a block diagram illustrating an example electronic device 2 having a
distributed, hierarchical built-in self-test (BIST) architecture. In particular, electronic
device 2 includes a built-in self-test (BIST) controller 4 that provides centralized, high-
level control over testing of device blocks 6A through 6N (collectively “device blocks



[0030] In general, BIST controller 4 provides and

comrmuni cates test algorithns to sequencers 8 for
w@ppkiogato on to device bl ocks 6. BI ST control | BET/WS2004/008663

conmuni cates each of the algorithns to sequencers 8

as a set of commands that colformto a generic and

flexi ble conmand protocol. Each command specifies an

operational code and a set of paraneters that define
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chbBERAGE MR OB Heell AbES Bd@siadly Etﬁrqfdewﬁﬁn de‘tlhceblocks 6
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of
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og‘@qﬁfe%gﬁ%l%F@s%/e%% gglesaga 18% rOé "E%y %gaé%%) ﬁpfc%oﬁgg?e with the

t¥@hE Sh¥rafbrigidst & théir rés@@@v@&n@xh@@kmd@dﬁ&k ne. fHaf eeamblepfsach of
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common sequencer 8 and g'egg not d| stribut ed Wlt{ﬂﬂ domai
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nodul es a result, each of nenory interfaces 10
12 operating on a common clock domain may be incorporated within a common

sequencer 8, and need not distributed within the individual memory modules.
[0032] Memory interfaces 10 handle specific interface requirements for each of
memory modules 12. For example, each of memory interfaces 10 may be designed in

accordance with the particular signal interface requirements and physical characteristics



may be viewed as providing an interface "w apper”
around the particular interface signals, e.g.,

w@oaness]10 dat a, and control signals, for each PCT/US2004/008663
respective nenory nodule 12. In this manner, the BIST
architecture of electronic dévice 2 conprises a
three-tier, distributed arrangenent including BIST
controller 4, sequencers 8, and nenory interfaces 10.
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[eD331 | vidmorg coodiilem 1ﬁemaycé)e ot typekof msponansish ;m)mmﬂ@m access

o GFaBE e BBl B PR S o s
B

, RORAN DDR-RWM | @in€isin 21590 thef@t! and the like,

Bi ST"controller 4 includes an al gorithm nmeno
and ghte ts¢tmiaiss desstibedherring ase nobliggded ks regeydd é&ﬁ?‘@é&ledf"mc
eIo each_al or|t flned r
gfm@f N %v% ¢ iy mcpgo%adrtlzée]s T n%xlagl ﬁl%ﬁ?leg as%ﬁ alVof Ryfbedded

c@?ﬁ?ﬂﬁﬁQ ,syStem$ MTRogipatedl gefved hpsermyﬂ hﬁgl&tbemsfstaﬁd P29, mobile
of 32-bi t conmmands, where 8mrgln define all
cRBPEERE I9vipe AR camPRnicaen &P‘rﬁﬁcﬁg 1gfal Ecorngs device, network

f r.Aatyl ver address ranges of
§§V| Cgﬁﬁ?blf% sg%%gl{]—%ée %e@t%lhttgégft%két)he functional i ts of
[oRsM IGriidul eeckidagrhMi(Bbdtratiag an emamplfs ambodinenh vﬁRE& controller
al r|thm controller 26 res xt er nal
£ BBt st GngopIsT bamEed et FfrishAHmory 20
(RRARAAL Y Set oﬁ\ll\f fe@ﬂ"ﬁé&n’{tﬁ}rbé 18] @REAYAel R RhEPhIBhthiRY d2€ned in

aut omat i cal I nvoked upon power-up of el ectronic
ademdmeanm ect phbulesd comingods.t Him e embpiigrenpefor example, a

BETRE XTI EAr R S —

d’é"f h@'a‘ll Ab@Qhly PAaARRE Yor? erforXis® onel @cinest s@uﬁﬁdeea)”ﬁ memory
bi nary conmmands that conprises the selecte

cmega@pns hvari addregp paniges of devdesy Ploeknhp SEXG 19 ‘f%eSé é‘%mﬁﬁatlonahty of
A). [0036] Algorithmcontroller 26

%%Iﬂ?ﬁy(o[?csl\gj [g'eﬁdel ivery of the algorithnms to device

[0038]KSser Entbifise 220 valek rdyudritity &oﬁﬂr@tﬂl% ih SEQAGHE) to extemal input,

recei ved from each sequencer 8 of the dev e bl.o

uaD aret Fetiok Fgnal) Gomi ehATEBAL Pl PPRAE iR AIRERIPRY. stgoritom
c%?ltrbﬁ&rrﬁa}eﬂ& Quto g)dm%kéd o §loRet-8f FlliRbbhfdelRe 2. Once

sequencers 8, eds fromone command to WO
ﬂ@@éﬂﬁﬁ@@ﬁ&n%ﬂrbmmrﬁﬂﬁ%& algorithm select signal (ALG_SELECT) to

multiplexer 24 to select one of the algorithms stored within algorithm memory 20.

Once selected, a stream of binary commands that comprises the selected algorithm is
applied to device blocks 6 as command data (CMD_DATA).

[0036] Algorithm controller 26 controls the delivery of the algorithms to device blocks
6 based on acknowledge signals (SEQ ACK) received from each sequencer 8 of the
device blocks. In particular, algorithm controller 26 sequentially delivers each

command of the selected algorithm to sequencers 8, and proceeds from one command to



t he next upon receiving an acknow edge signal from

each of sequencers 8. In this manner, algorithm
w@omtogd4ier 26 ensures that each sequencer 8 hBGT/US2004/008663

conpl eted application of a current conmand to nenory

modul es 12 via nenory interf@ces 10 before proceeding

to the next command. Al gorithmcontroller 26 may be

programmatically or statically configured to establish
thehgex Wpbe &e&fwﬂ@‘éh%hliﬂvﬂe&@ Signélnflomi qach af tsequenaers 8. In this

sequencers 8 that are present within el ectronic devic
mpnnern ajgidithmo gontrodlegy A4 RRTED R0 [P SPRUSRSH Se Das completed

;?p&wgt:i}on%%l SRlhY cGORRAEW ﬁ%rﬂcﬁ’% %g(?i esalﬂbﬁ%eﬁbﬂpfrﬁérmbs 10

or any conbi nat menory nodul €s
bﬂSthQ)r&EB,édﬁl(gn‘md) niiei @pxtofcodmwinde Wlgnoklsm6 cm@tﬂﬂlﬁ] 26 nmay be

addition to the algorit tore nor
pmgracusheal s ke sonisayedh o Grantisany ARk P IS Flocks 6
mgdé??:[/)er S%ﬁ‘éh&he‘ﬁ&r?%ﬁﬁé‘t ardPidkent Yalin ERECSHiABiE22. In addition,

received algorithnms to nultiplexer 24 in
alofitimaitrolleal6 tuayfoh @tognamnﬂaacaéb’moeﬂg@e@ &o anpyrs given algorithm

el reR BT PR L PP ROLRE: 15 yBpARh SfBiriopgf deviee

blRki i s manner, BIST controller 4 provides a
centralized, f| rst tier of the three-tier,
[@0351 i bddition s fhie-algasithus cloredot eerithpopgmpryF} Qs usey intggface 22

oA AT el B, B S L SORRUBE 2 e

ré&deV@H %1@@1191’&13@% @bltiplegendt irca BirﬁiTmmilgLoIrOI thitmf tiésstored algorithms,
illustrated, at a tine Ti BI.ST controll er é. assg ;E hin th
iena seavrnanal PEguecamans irpdich ¢ ines,  dest within the

%%@T%%P@&Iﬁs IR Y hafi:, B ofEr 4 Bﬁw’i"de@ %rdehﬁﬁﬁz‘éﬂ fiRetier of

terconnects. [0039] Upon'receiving and
tlapthteeitivg, distebotedwe kst aehjteetcer s 8 assert a

(BR800 e et oDy B s Pt Mo mrsT
AT R PR B . 1

1H1&qatadt aiv:eh;ne Th BIs3rontellersl sSFeroheranmeandgrequest (CMD_REQ)

.de- asserts nmand request a
L e et N e T R RS
@Iﬁgpg@;pA\ﬁﬁte%QnM signal. BIST controller 4 asserts

SEQS DONE si gnal when _all SEQ ACK si gnal s have been
[ﬁ%%émré@mwag pahRPRIYIBE §1° CQEHDAR], RIICHCADHS RRFEF Aftogresponding

Sg‘#ggr K | ]Hf(%ae?(%rrl]lgl airmﬁe-mu hlagg%glngﬁechacﬁ o'ff§e<ﬁl REQEK assert

n exa evi ce
rb:%pléé?ﬂﬁve s1gnags sg@wme[élml S)]EG%A@_K[Z]F Saiﬁ@‘_ﬁ@é[ﬁ\ﬂl ind $BQ ACK][O0] at
| ustrate evice QcC I NCl ude uen

tipeas ‘5 Trarst gnd o evepRecHYe 21031 f@?@o?%%ﬁlii ﬁ?%?ﬁ ”ﬁﬁ‘r‘rﬁ#ﬁﬂs the
()H&IFJ dalfé&&esﬂy 2630 M)aslgrﬁiﬁﬁt thln{EeT@ rdé.uHﬁ?%j 'déq%%n@e@ﬁS 18 @e-assert

ectrve nodul es 12"). |ustrated in

thtifrespeatiac BE@I_A{(iIﬁBugyall rﬁISTfC&IﬁE@lCIG ageerts SE8I PONTS signal when
Q;ngﬁégég&el %gg (%Wg%een e- assertv%) 51?0%418 %@% controller 4 to initiate

another command at a time T7.

[0040] FIG. 4 is a block diagram illustrating an example embodiment of a device block,
e.g., device block 6A, in more detail. As illustrated, device block 6A includes sequencer
8A, a set of memory interfaces 10A-10C (collectively “memory interfaces 10”), and a
set of memory modules 12A-12C (collectively “memory modules 12”). As illustrated in

FIG. 4, each of memory interfaces 10 corresponds to a respective memory module 12.



9 Sequencer 8A may be programmatically and/or
statically configured to establish the nunber of
woreomge4int er f aces 10 to be control |l ed, as wel PCHES100£008663

characteristics, e.g., maxinmm address, for the
| argest of menory nodules 122 [0041] FIG 5 is a block
diagramillustrating an exanpl e enbodi nent of a

sequencer, e.g., sequencer 8A, in nore detail.

SRREHRP BN nBh BLpRigrRsmiNi@lly ekl seoirnity denfigwed tBeSablish the
controller 4 that collectively define BI%T -

marhbgsrafiemonsinfarfages Fhiebe icantidied; ps Wsd) Hvibe ghagotenstics, e.g.,
cont r ol 4. ] ' eneri c,

B TR A AR MR 12T 0 v o

[G0a1 | FrIsads Dbloclpdidgeam iwstiagngvei ek ampleveanbogdiment gé aofequencer,

one or nore _addresses. [0042 n general. equencer
c A SHBERIT I (R SGEAEC SSPCLD HTRy e h Ea gigands from

BISE cofPhlel WBHHaP @ol?éccti@élg hicfiRETBIB S T2.8] oBrif RN URRCRInkateN & detail
Or nore nenory operations applied to a set of

belespBIST ventrotlon4 yssuesdbe esnmpmdstine gen¢rigs flesibtedformat, and a single
enbodi ment , _sequence A includes a, command r
COENBRPRRBIRITS] T SAPRE o iR & TP e g more
a&ﬁgﬁg@lST controller 4. Conmand parser 30 processes

the received command to identify the specified

[@0da} &t gaoeral eseguenchy S A deastvies Yhergpnarc BESF semBigads, @djgontrols the

-code) specified by th lied
sREaGRLE! R BaoBud T ol SN Ay, 2O B ions oplic
tOABeDbf FRFRLVE Mcaiy eicduldsonntthe ibeardEmiadines) equemer 8A
_correspondi ng one of command contraql | er

CVD
inoiMEROR L ERymaads s (GMBy FeR3fa S0 é‘%fzhfegﬁgesofwmmand data

! ORLH0 I eSRARNE JafseR 301 frb&ds8R th ived
CRTARAAR RS, Sonblr O SFRANR it 0 rhgeemite oo
cPpRnBad t3Qddntifp Kies sjchificd alpecition, €gnnidemtingoin egrergipnal code
and passes_the paraneters extracted fromthe received
(eRy greciadnyilh coPMgetr at ed separately, command

4 HSpSatH, eAnand/ ksl BD @yad@fct dteCor more
[g@@? %ééde?%g%tslpgﬁgle gl ock "havi ng II% Siec to gyzcﬁform

resatetas fioheths woporanddarsoseinzh el sorrgspondipg oRe pesyramaerd gentrollers

g he .i.n ed one of ¢o nd c

B35 LSRRt 0% g TGy L b oot
ﬁ-ag(g}réEBBﬁHSYtd Nt aiffef dfdambdl Biautt eyl 8y specifirl bpvOKEY DATA.
one of command controllers 34 sequentially drjves the
Goypnapt parser 38owelkrs dieniclastedsreypmprd (coppplistri4, and passes the
SIGNALS) to car =h. 0 L ON :
A R
dRHRYindecoatroBem Iy magdeessntdmad sal/er integrdted iEcei singlg functional
menory_ interfaces 10 and_to direct the receiving
Hegkdrayingrlege tapaéorpeach eEe sHprEted SAPPNAS r ead or

' | | OWR i d Bfe ofickBumaad controllers 34
PO RGBSl S e S Dabato ,
iRGT WSRMOACOERHI6 Dr more operations to each memory interface 10. In particular,

the invoked one of command controllers 34 sequentially drives the appropriate
command control signals (CMD_CTRI,_SIGNALS) to carry out each operation of the
sequence. The command control signals may include signals to provide a memory
address and data to the receiving memory interfaces 10 and to direct the receiving
memory interfaces to invert bits, perform read or write operations, invert rows, and the

like, as further described below.



10 [ 0045] Moreover, conmand controller 34 controls the
application of the operations in accordance with the
wao povittogp4ethar act eri stics of their respective nMePTI/YS2004/008663
nodul es 12. Consequently, logic for controlling
application timng and sequdfici ng of the operations
for menory nodul es 12 operating on a common cl ock
domai n may be incorporated w thin a cormmbn sequencer
[(ﬁMgENﬂ)r&ﬁl‘éfj cBRfm el Hohirbdrext ¥ériddisntht hpplication iofuld operations in
menory nodules..[0046] Sequencer 8A receives data
adoontmth avithe theclimingnehayaciertptice o1 their gesgectivg; mewjogy gpagules 12.

VEM 0 .tar ] | .
oA el Ok Sftte Moo e AT REnPER YTy ongraions
fé%h6MB3 mdeles €2 \bparafitip tinpd eadmod 7clackddaiasia mey detinamporated

signal 39. In this , [ 8. .allow for..th
waihitl § spwmion seseenaer % g Tead At DtbiHed Yighip fhe indiiges Fpemory

Tgﬂ sequencers 8 allow BI ST controller 4 to

mo c5. .

centrally manage the storage and issuance of o
[6U4GP Skdenser8H rogeigesniztd fromrile febted intsimore iodules 12.o7-gravia signals

VESREGRREr oo N RSt AT e R R Rihics fpe data
baAPk BT OshtRflet DO rCRERAHS dYiBanL nallliflexea By drisdtithgelection

sequences oft one or nore nenory operations for . .
sappl 3% dhitlis nanner, sspendery & alhev fanthe pralysisofhel datado Wdentify any
Lrereby provi ding a second tier of the distributed,
fHi9ESar chi cal self-test architecture. [0048] FIG6 is a
[0 KThels, a84g@8Rcers d Alust BEST behtilles s aorpérrallrincatia petie stfrage and
a rrem)rﬁldgl nterface 41 that (grov,l des the ($I al |

ayer
igshanggsefr algetibmsonsing gepgricr And, feriyleppapmay fﬂlinéaéct %‘?Oé‘encefs 8
by. hapd! i ng. Lfic inter i anant
U G DRERES] g RE5 L TR By, nd

cohtrélsthe apieitagerbenihreotmmandsrby genanstinef addssting seqhentes ofone or
layer of nultjplexers 45, 46 that |sol ates the nmeno

TYEUNENAY TREBHACAD APRaPPRIGARIT BhalSFt 91% BV E e p g les 12

b ffrogid Q%! iRPSC 1L @4 Aéhitecture.
8t Esf asialtan i TR bt s

[E08] i FGd 6-ia sskibtle dliagram silngrating tanptxexples epbodinwnt gf a memory
select _the address./ control signals .(A | ),
ariats i PO DeeTRR s By oURpag i py e B BIST

RERQERERY! ﬁarﬂ'[iﬁ%_es%%&ﬁc Whencel RghikaMts dev iaCeesgedtive memory
operating in BI ST node, however, the BIST enabl e

modmal2.causes nultiplexers 45, 46 to select the BI ST

BIS0SE5 e JFARRGE, AR, (B oSBT, BRRERS e o

SEHYRRERMS, 46 ithbtisslater ttahemblyansdde ¢ fem womit Hinstionality when
mul ti pl exers 45, 46 of nenpry i

Setionta wiop 3 Sofneraingie BRYEess v I AERGHY fBHe Rerml operating
AR R ST NSRS 40 B Bl s
the address / control signals (ADDR/CTRL) and data signals (DATA), e.g., as provided
by a programmable processor. When electronic device 2 is operating in BIST mode,
however, the BIST enable signal causes multiplexers 45, 46 to select the BIST address /
control signals (BIST _ADDR/CTRL) and the test data provided by a respective higher-
level sequencer. In this manner, the sequencer controls multiplexers 45, 46 of memory

interface 41 to selectively isolate the respective memory module, thereby allowing BIST

algorithms to be applied to that memory module.



11 [0050] Menory interface 41 further includes a data
generation unit 44 that receives BIST DATA signals
wapa4defsaul t data (DEFAULT DIN) as provided byPeTiES2004/008663
sequencer 8, and generates transfornmed BI ST data
signals 49 (BI ST DATA T) badéd on control signals
(Bl ST DATA GEN CTRL) provided by the sequencer and the
speci fic physical characteristics of the
[0056]" S RORF iie:FABRMI Yurtiod icdudk? .a Mith eagretion uoial4dythatiseceives

described in further detajl_ bel ow, ta genar i?n
BI, DAMA gisrels a08 ot BRaEETGNTT PRANIRY B0 BY (scagencer

the ne ' ' i t
8 R AR E3Eh  mpR 1  on con
sifiadd) YBIS TEDIA BASGEN CTRI s pbvitedt bg thiey séquahcer and the specific

G on, o RSSO e e e
déé@%lgedag% 8Pl detRBbLISHN dafResddet£1n Pihif a0 URAERTes She exact data

eckerboard, 1nverted, and the like, [0051] .
(FaN]_DiNmpplieds e thenmemoty inpptsr depires cach enrsatiosr elothegalgorithm.
bit pattern th requi res , col.um it hi .
DiongRFraBaUIY b EREtrn Qe BRLERT Ginds O PATBE e Brysica
ccﬁtfgi&lﬁefti%ﬁt . FEMRGcdIaewW! 89 blumhevRN@iratidiRyf e epatigethemory

W

th different row and colum configurations. As a
modslel 12, as eelivesrtheybit phtterp specified b federaeestAng g isheckerboard,

.located, ..in,a different row and colum for nenory

lwsﬁié’égdiffq}%w ng different row colum

[0031] FetiEdniI) SseqiedtereX atiyl requet 2 Shedkietboarivbit patterl Ghat requires
12 may be organi zed as 128 rows agd 2 c%l gﬂcgs, 32 d

colgmss kf date oY iR She TBTRARNSmBYUIS SO HITRAIE DRI L Higs and Zeros.

ﬂtiﬁgr%nt ﬁ%n?)r}/ HESdthds 1 hdd i@y, amBRMBd Gihiled PRk aﬂiﬂerent row and

roughout this matri'x, such as” a checkKer boar
cplahinatonfign@tions: ess kresvik,dbigmembry bl Hpe eienaddisss way bedpcated

o At e el PR AR Y GUP G by ¢ RBEEBTHENCE-cotumn

c&ﬁ%ﬁﬁi ng.r anss fQfMBle! Hake dal MemBrydmodhlBVIEr sy bb@rghmizad as 128
as heeded to ensure the desired 'bit pattern is

rows aet? bylumms t Venwsdy Sdeodemnnhdd rpws briff welumgist gid the like. Asa

bel ow. . [ 0052] Sim | arl addr.e ’ £ It ;
N L
phRSRdrQRirt RnSAda 8RS ST 118 sheciit rewesdliins pewfiduraitbnbyf the memory
sequencer 8A and the physical_ canfiguratjon_of the
masiude. aPetacashensien snit diroRssiss yheBta PEoVidsst by tearpyeucer 8, and
in sone t est e ' . )
o ERFE LR o G, B Lo ERET e AR REEBrBTACMcd bit pattern s
cft))frééﬂy xﬁ/ﬁ'ﬁéﬂ,@fldeécri_bed inrfexglnirrdietm@ teloh row (or cgl um) to

e conpletely witten before proceeding to.the next
1P (O by s AEETRUSE THE 4B RORENTS iy O fifitled to the
ntl&n&?em{)% 30 G,aS LipheC it QA @femafiEREFied by sequencer 8A

generatiron unit 42 transforns the address provided b
and ghe physicad Aot fevanticapph hp rows end solumpserf$he memognpadgle. For

e%%gpfjg%bgpgxl}%gg%%gtfsp sreaugnrcgrc §1§ddir%9t's %1@19%1%%@64&%0 write BIST

data in a row (or column) first fashion, i.e., requiring each row (or column) to be

completely written before proceeding to the mext row (or column). As these
requirements are specific to the row and column configuration, address generation unit
42 transforms the address provided by sequencer 8A to an appropriate to traverse an

entire row (or column) before proceeding.



12 [0053] As a result, the sequencer is able to issue

operations by sequentially traversing an address
wapagesded i ned by the respective command, | i nm PEOUR2004/008663

the maxi num si zed nenory nodul e associ ated with that

sequencer. Each nmenory interli2ace, e.g., nenory

interface 41, transforns the received address as

needed to apply the operation to an appropriate

0@ RY aGehlls, thOseqau@oepliLablé o issucopeativnkibysdeqiin®lly traversing

rlthm t he sequencer 8 issues the op rat ons to
a0 la ragpornase dsfingd By direrreRectih CPRMREe %@&eé biidhe pisium-sized

rrgegrg)% l%%kgcﬂtécp%hltﬂatts@@]@ﬁgﬁ{ h'ﬁ&cﬁ?%x%&?%t‘éﬁgce . rgo memory

o access nenory c wthin a

1ﬂt§t@.c@041u nmaasfofmé e reeeived addressl & d&ded o tappls' thx amplragon to an
address generation_unit 42 transforns th esses
OB BITAY fehor JomSHRIZea S A COINDR) (ish Fo oG Eothm, the

%cfﬁ%ﬁée?@ i o@@f@(ﬁ%ﬁs ®1tB0Lddr&R8d inGRHiBe, tvehiR address generation

est - si gnl ant colum based on whether the
usi (412 enmentafonalyi treps fomps therrgcezg‘redcﬁddr@mmcﬁﬁg ey ghlls that fall

t.he address ace. Corrpar or.,48

R R ARSCOWABERER ¥ aBEECORARTGEOTT r dhdf Sripalg addees
SARIRIOh (RiEubetr A f@ehdadhs Jdﬁ&s%tta hceeds el fab@ort moﬁhlat 12 in a
address of the nenory nodul e as expected, Wen t

colunpayviss dashic f.rgm 3 losvest-gipaificams o, 1 @;Q&ghﬁttﬁl,gqlﬂc@nt column
Ry et Sl a B BERKP Y gy e adcres

sga(g,nal Ijo i nd| cat e that a nenory error has been

t ect 0055] In thi t
Syt o A ey LA FE: hanl BpLAS Srtfrom e
ntlé}lgmg ! e'ie | £2Y cEJalsstﬁQ H%Q. st Wl‘lﬁ@lgt(; t!h@ﬂaifd?és%f ihté@néiﬁér? module as

sSses rovi d t he sequencer as needed
dapse. dfﬂlélhﬁlem'anmansﬂnaﬁaﬂsp hyps mdah tlehdatarseé fiost the snegfory module

th dule, t ding a t
ritoeRinot o Provit iy LAt Go b paPr S it ST PAL

sﬁ%laﬁto 1E&H£tE thak H%é&%%ﬂ@ﬁﬁaslb‘ée@@é@ct&& I ssue operations
r conplex BIST algorithns w thout requiring

[de34iTh €ds hmom;remgmorw@r@pm@l presessis/dic sequential memory operations

cha er,i. stl and capaciti f C

28 P e RO GRaR iF ls FEH TR e c0c

tﬁé‘ &q;& ARk 8s aekRdibaks ordfhe $attRulag @nyglwucnmacmnmo%f@ﬁ Bemory
n the illustrated enbodi nent, data ]gene ation

mmiLtle Atherghye grqrading @) Erdphipn ofj gﬁ’mdlshab &4, aerarepeal self-test
ag(&g{éaturé DRF’%[U}BIuIP | tﬁ% u%}{cj:eq 6da Qlﬁ thN&ue %%glléﬁﬂﬁsefor%onfp'lbx BIST

énera on uni recei ves a nunber of
A eoHthak vﬁﬂ@ﬁﬁi‘esluirﬂg delelef] dmnwtﬁ‘ngIr@'Erdmg/ERTpIBisfﬁsl clBrfTeristics

| NVERT ROWS, LSB RQNA% éfﬂd Bl ST WRI TE. Based on
andeapasiliss\d AP EMIYIeHES &-cont rol  signal s, data

rifhielukfABS fAr eReh E’é %bdama: t of dat
@ 5@}?}1@ ?SIS( %Pﬁslbr"%f&h%%t ats,eéll on cgntrol P i gnal s o on e

¢eRESToDATA CEKFICTR).) Iprtbvuﬂeedratvyl erheodimgufe ﬁie@r gegerghign unit 44
bar el A PR St s G RRl ikt (SEFRULTBIN) provided by the
sequencer 8. In addition, data generation unit 44 receives a number of control signals in
the form of BIST INVERT BITS, BIST INVERT ROWS, LSB_ROW_ADDR, and
BIST WRITE. Based on the received data and these control signals, data generation
unit 44 generates transformed BIST data signals 49 (BIST_DATA_T) based on control
signals (BIST DATA_GEN_CTRL) provided by the sequencer 8 and the specific

physical characteristics of the corresponding memory module 12.




WD 2004/ 086410 PCT/ US2004/ 008663 13 [0057] In
particul ar, the sequencer 8 asserts and deasserts the

WO pwese4ld t s si gnal  (BI ST | NVERT BITS), the iPWBEDS2004/008663
rows signal (BIST_INVERT ROA5), and the invert
col ums signal (not shown) tl@ specify data patterns,
such as solid, checkerboard, horizontal and verti cal
striped data patterns. If neither the invert bits nor

[0089] i pefticula@Wehe SéqieAded SrBsanseind altasseherthd Havddt $lis signal

DATA si gnal passes .t hrough XOR es 52, 54 without.K .
(W53 IV VAR OB e T IRSUPNS SR8 RaPRYERR RAMS) 2 the invert

L t f . ' | BLS:
SRR 458 5, M1 0 iy e o (LT, QA pon
hbfigmdl hed setivsintgyedlats gabtens. Biithecthe iomert HiO @58Thelifivert rows
ey TR RO S 00 £ St LIS, JRLE 05! 1.0 s
RSB RN LG il i, S0 g g

detauses] AORBIST D APA T fonfilé the miemory aladuls ) withtthe dptp dictated
t he_se

uencer,, and. thereby invert values witten to
fﬁ‘?é}@ﬁﬁ A% B0 .outgioﬁff?’g?'{o}?'uncti onal ity may be
[0US8Y i€EiE BIOT | INABERT R Wesigrts isceet theh Slafr ieneratiss ealt 4Wiserts the
the BI ST I NVERT BI TS signal is asserted, data
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[0061] BIST controller 4 broadcast commands to all sequencers 8, or may issue a
command in unicast fashion to a particular one of the sequencers. In particular, BIST
controller 4 sets sequencer ID 62 to a unique identifier for one of sequencers 8 to send a
unicast command to that sequencer. For a broadcast command, BIST controller 4 sets
sequencer ID 62 to a broadcast identifier, such as 0x0.

[0062] Payload 64 of command 60 carries binary data that defines the command itself.
In particular, payload 64 includes an operational code (OP CODE) 66 and a set of
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[0063] In one embodiment, OP CODE 66 and parameters 63 comprise three bits and
twenty-nine bits, respectively, to form a 32-bit command. The format and meaning of
parameters 68 is dependent upon the type of command, as specified by OP CODE 66.
[0064] FIG. 9A illustrates an example data structure of parameters 68 for the RESET
command. As illustrated, the only relevant bit of parameters 68 is bit 28, which can be
asserted or de-asserted to selectively enable and disable BIST mode. When asserted, the
receiving sequencers 8 enter a mode for applying test algorithms to test the respective
device blocks 6. When de-asserted, the receiving sequencers reset and terminate the
current algorithm.

[0065] FIG. 9B illustrates an example data structure of parameters 68 for the EXECUTE
command. As illustrated, for the EXECUTE command, parameters 68 directs the
receiving sequencers 8 to apply a sequence of memory operations over a range of
addresses in accordance with the particular timing characteristics of their respective

memory modules 12.
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bG8l NG 3 RV EAGERNS & the IR and IC fields, then the receiving sequencers 8

direct the memory interfacés 10 to fill memory modules 12 with the values dictated

from the sequencer. If the IR field is set, then the values dictated by the sequencers &
will have inverted values written to neighboring rows. Similarly, if the IC field is set,
then the values dictated by the sequencers 8 will have inverted values written to
neighboring columns. As a result, if both the IR field and the IC field are set, values are
inverted between each column and between each row to create a checkerboard pattern
within the memory modules. Finally, as described above, a given memory module 12

may be configured as more than one matrix. If the invert bits (IB) field is set, then the
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in conjunction with the SINGLE WORD ACCESS command. Parameters 68 also

include a limit (LIMIT) field for specifying a maximum address limit for the test
algorithm. In one embodiment, the LIMIT field comprises a 2-bit data field for setting
the limit to: (1) the maximum address of the largest of the memory modules 12 of the
device block 6, (2) the maximum address divided by two, (3) the maximum address
divided by four, and (4) the maximum address divided by eight.
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[0075] Table 3 illustrates an example “Blanket March” BIST algorithm stored and
issued by BIST controller 4 in accordance with the described command protocol. As
illustrated, this memory test algorithm can be described in as few as six commands
using the command protocol. Each of the commands directs the receiving sequencers 8
to issues sequences of memory operations that traverse the entire memory space in a
defined direction. Moreover, several of the commands direct the sequencers to apply
multiple memory operations to each address within the available memory space. In this
manner, complex BIST algorithms can be easily distributed throughout and applied by

the constituent components of the hierarchical self-test architecture.
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[0076] FIG. 10 is a flowchart illustrating example operation of the electronic device 2
and, in particular, the distributed, three-tier self-test architecture of BIST controller 4,
sequencers 8, and memory interfaces 10.

[0077] Initially, BIST controller 4 selects one of the algorithms stored within an internal
algorithm memory, e.g., algorithm memory 20 (70). Upon selecting the algorithm,
BIST controller 4 issues the first command defined by the algorithm to one or more of
sequencers 8 (72).

[0078] Each receiving sequencer 8 parses the command to identify the defined op-code
and corresponding parameters (78). For memory access commands, each receiving
sequencer 8 initializes a starting address defined by the command (80). Next, sequencer
8 issues a memory operation, i.e., generates the appropriate address, data and control
signals (82).

[0079] In turn, each receiving memory interface 10 translates the data and address

signals based on the physical characteristics of each respective memory module 12 (92,
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have been applied to the addresses within %e range, sequencers 8 issue acknowledge

signals to BIST controller 4 (90).

[0081] Upon receiving acknowledgements from each of sequencers 8 targsted with the
command (74), BIST controller 4 determines whether the last command for the selected
algorithm has been issued. If not, BIST controller 4 repeats the process and issues the
additional commands (72). Once all of the commands have been issued and applied by
sequencers 8 and memory interfaces 10 (76), BIST controller 4 terminates the current
BIST test.

[0082] Various embodiments have been described. These and other embodiments are

within the scope of the following claims.
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10 ig s°e' MdcRF thasktQies 82) cothfnafdidizhdl Gbsks @REr @&t hdRE memory
are not reqU|red sequencers 8 update the address

op@ﬁmmandadet@mnﬁM@hwnéwh@mamhem@ht|re address range
def i ned

b
add|PP§W5ry§§@$g§ aP%ﬂ%%Re%%§§§f en??ﬁ%ﬁgﬁ@§ﬁﬂ§nmdmenl

286 ARE vﬁﬂ%ﬁslbﬂ%hmet@nﬁﬁﬂl@@ﬁﬁﬁﬂerﬁﬂ@ hédulerenor y
oper ati ons ave been applied to the addresses within

the range, sequencers 8 issue acknowl edge signals to
BIST I 9 er&l

ac k nggﬁg gg;té;rhrré)g% %ﬁ? ?o&ﬁgg&ﬁﬂgﬂ%ggﬁgrnogle{rss ngﬂ t ar get ed

wi t hah higonc}ﬁﬂ'mf&mbrf T} stoBisSlie sainf camnandsdasdeteart setneselectable
whet her the | ast conmand. for the selected al gorithm

DRERROTY desh algedihas haymg ssiociatgdepmupandsinder 4 repeats the
proc %?Sal %d}ghﬂls&ﬂﬁﬁllérht% reBRRSE thO BRhn e AT TRBASHE 7a¥§ontl@ﬁ Gfemory
all of t comrands have been i ssued and appli ed

anéd (emmache soBmzmds mesvoiatedi withrithaselscitd maairy @tgﬂgorlﬂlm to the

controller 4 terminates the current BIST test. [0082]

SVY6ds enbodi ments have been described. These and

ot her enbodi nents are wthin the scope of the

followi ng clains. WO 2004/086410 PCT/ US2004/008663 20

3CLAI Nibe system off stam % ovliseeini the BIST menfrelleringlafes. g daterface to
BLST) control t hat :

rh s i Gt ey S g TR BRoritm commoller

RS NEE hddifiadal neeeiry asst talgoritmmanis sen@nics steapiitation to the

nore nenory operations in accordance with the

BEReRAeSIA%nd a menory interface that applies the

menory operations to the nenory nodule in

4. The system of claim 2, wherein the memory interface comprises one of a
plurality of memory interfaces associated with respective memory modules, and the
sequencer comprises one of a plurality of sequencers associated with respective subsets
of the memory interfaces, and the algorithm controller issues each of the commands to
the sequencers in parallel for application to the respective subsets of the memory

interfaces.

5. The system of claim 4, further comprising a set of command data interconnects
to communicate the commands from the BIST controller to the plurality of sequencers

and a set of acknowledgement interconnects to communicate acknowledge signals from



accordance with physical characteristics of the nmenory
nodul e. 2. The systemof claim 11, wherein the BIST
w@omtogd4hier conprises: an al gorithm nenory thaPCBHUS008008663
the set of commands as one-of set of selectable
menory test algorithns havi 3§ associ ated conmands; and
an algorithmcontroller to retrieve the commands from
the algorithmmenory and issue the commands
thep1@elist 60ssjubicetd @ 88l BIYEdonteulier Yo tirditataltyo combletivn of the
the sequencer. 3. The systemof claim2, wherein the
cusAmdsont rol | er includes an interface to receive one
or nore additional nmenory test algorithms, wherein the
algorithmcontroller delivers the additional nenory
6.1 est Tied g@tdni bfclaim tlhevheesin ércequénoer apptolcat agplicaidon spsed of
menory interface. 4. The s¥s em of ckfin12 ﬁherein . ;
the meeTRRIOPF2H AR fthe BICBIORpIFEREC Ghaccgrdagee with Hipipg {Fagprements
qﬁﬁgﬁkﬁuﬁﬁhﬁgﬁﬁpes associ ated wth respective nmenory
modul'es,” and the sequencer conprises one of a
plurality of sequencers associated with respective
subsets of t nmenpory i.nterfaces, and the al gorithm
Tcont ﬁ%‘? ysten gg‘g%’g‘ ggv&l%ergptdtehsgq%%}%ﬁra%o&pl}s > the
sequgBaRLIfy o cBRhhd @bnttdlersfR ingAéh et thocd@ands in accordance
respective subsets of the nmenory interfaces. 5. The
withsitcomnesndgiretiopelgand ur t her conpri sing a set of conmand
data_interconne ' : .
the BeaTegnorar 2ord FRTCHLEA & LeRuAUTRERIOAYe and o
s@N6r padfietedd bacddnowl dgeimenind ptaroadnmaetedn tee command parser
conmuni cat e acknow edge signals from 2004/ 086410
spetvei Byakgothseemmand ﬁ%mfﬂllﬁFSaP%SFg B NS PRFEFOBR C@dss of the
e : I L e the conpletion of the
c%’:]g ?l?ﬁ;(lf{]%-s&:&gég ffﬁljg tfg%/gsgfn%dgl glatéi m 1, wherein the
sequencer controls an application speed of the nenory

operations to_the ry. i nterface . in accordanc ith

8t i i ﬁé@ Yt PERBIE . VBT RARETA A s Crmacy Copfglters fbsue the
rr?e?ﬁﬁ’?@p@faﬁ%h@t@tﬁe ARG iBteH e B§ HegRdiRIngCARRIghSaRIresd ranges
pluralrty of command controllers that inplenment the
defimadetnyotbe respetivercdmneads wi t h a command protocol ; and a
command parser to parse each conmand to identify an
operational code and a set of paraneters based on the

oconTgRd RERHO6P klaihTEehdieihNBe Gomimidd @a®Hers issue the memory
sel ectivély invokes the command controllers based on

opbratiopebrrbHils sewrs torpRiNeddrsitidsde de i epopminterface
btag]e% o%l tl%r Cgrgﬂltdﬁ(?é Jeggiwd from the BIST controller.

10.  The system of claim 9, wherein the command controllers issue the memory
operations by further asserting control signals to direct the memory interface to
automatically store inverted data between least one of neighboring rows, neighboring
columns, and neighboring row-column matrices based on the physical characteristics of

the memory module.

11.  The system of claim 9, wherein based on the physical characteristics of the
memory module the memory interface translates the addresses specified by the

sequencer for the memory operations.



8. The system of claim 7, wherein when invoked the
command controllers issue the nenory operations to
wo b@4osnry | nterface by sequencing through adeeBEES2004/008663
ranges defined by the respective commands 9. The
systemof claim?7, wherein t28e command controllers
i ssue the nenory operations by asserting signals to
apply addresses and data to the nenory interface
1PasehOBystdh® of UMRNUS Wikkeih e nigngory tthedulBd Ficludes memory cells
controll'er. 10. The systen1of cIa|n19 wh
antanged frrosesrand solusnns, pRd the merBORYERISFHOCE %ﬁ@ﬁ%&s the, §d‘§98565 to fill
further g h r
e PEPPRL ARG it AR b G DRHE-VRe ChUBER (AR Yy the
chBiuR®Trde 88t BISMeconfron&i ghbori ng rows, nei ghbori ng
col umms, and nei ghboring row col um natrices based on
t he physical characteristics of the nenory nodul e.
131 e }%Yezﬁ 61 1%im 9' Fhife thé“@&ﬁﬁl‘aﬁﬂs%%&%f 2BittpAfern to be written
phy3|caf aracteristics of the menory nodule the
toTeenmnymoryt mode eartdr tha shemhery mwefaemtxmesé@@%th@p@éa snesidicg\py the

sé,_qglg)gfqeg 56%381;@1; %@%ﬁ% ggm)r %iel Q%SécaYQh?reaﬁ’%eg?tlcs of the
| dyleWherein the nmenory nodul e |ncludes menory

cells arranged in rows and colums, and the nenory
interface translates the addresses to fill the nmenory

gg }TSF e%’S% @ ginalgbmmngglje r omW'tnﬁe?nc%? Sﬁ'teg%ﬁ?f’%o pnses a data

g@&ratﬂﬁ%rﬁﬁ’tﬁhﬁﬁb@ffesfidam ﬁgﬂags Woer the Bedueacar (ami@ﬁnbrates transformed
speci f bit pattern_ to_be witten
Ys based oneherdaBryenaky ik féléé)hwlaﬂsfﬁ“&faé&eﬂgﬁ%s %é‘ihﬁ memory
§Q@¥|f|ed by the sequencer based on the specified bit

ern and the physical characteristics of the
menory nodul e. 14. The systemof claim]1, mherein t he
menory interf cg@(ic rises a data %egener at |

Iphat SEHFBL > SRR SRR @eﬁ&% if 1g§%dr ceived from
e @@%ﬁh@é E}{@aﬁétgo éi"l%gltloﬁaﬁrﬁt shonAtisalRaGakkomnd A dahao store

signals an ysical characteristics of the nenory
invoedietl edatd Svithilin eat styaat emneopf calemhhmng QWi r egighborigg columns, and
onse to(ﬂ cont r ol % rgce wgﬂ from the
E%EQWE@P““? gmﬂé?ﬁnaﬁﬁg G?P%H]an At omat i cal |y
transforns the data to store inverted data within at

| east one of neighboring rows, neighboring col unns
lénd  Thei gitsor Phelauswl.cohumin harRrEey wierfae Bwppsys an address

grgﬁ?rgl{ﬁ% d 18- e ¥sbe M §8§|e shfrofEhe! &g ﬁ&ﬁ:efmﬂﬁr ¥enerates

conprises an a enerat|0n Un|t hat
tFREPIMES addlelsasghat gpplikd bhsedrant dmmgeqcr&mfepwamdd columns of the

gener at es
memory module.

17.  The system of claim 1, wherein the memory interface comprises a comparator to
compare data read from the memory module to data previously written to the memory

module and set a state of a failure signal based on the comparison.

18.  The system of claim 1, wherein the physical characteristics include at least one
of a number of rows, a number of columns, and a number of row-column matrices of the

memory module.



transforned address signals applied based an
arrangenent of rows and columms of the nenory nodul e.
waze04/08@16yst em of claim 1, wherein the nmenoryPCT/US2004/008663
interface conprises a conparator to conpare data read
fromthe nmenory nodule to dai3a previously witten to
the menory nodule and set a state of a failure signa
based on the conparison. 18. The system of claim1,
19her ghg dbiemP by il 1C Reedsit ethé Sdogtands cdonftemato | 2 gsheralized
one of a nunmber of rows, a nunber of columms, and a

cpmmizad prstoqobibat sibsiwntishi define shetest Ahgorithis TP ubtrgaIdso physical
VO 2004/ : RS20 je.The system of
C%?%%ﬁ?#¥9%§£%@F§S%@e co%ﬁgn S@Q%%?ggﬁ%?%ea general i zed
command protocol that substantially define the test
al gorithmw thout regard to ﬁgysical chara %ngstics d
28nd IibRisYEeReRfuslaBidfi SOGTET i HRIFBAY! RBHERACL deTp%S 4yfgmman
sgﬁﬁ)z QRS aCdetbivdibortdl @bRinfhnkid) € VPR BSmRAAY ¥6hdes an operand
et nes comman syntax having a set of supported
andawetrodparaaretereach conmand i ncl udes an operand and a
set of parameters. 21. The system of claim20, wherein
at | east one of the commands includes fields to
23PeCitih¥ sfleAPHCRER 202RE8cinOR et BN Rh&BsMmYnds includes fields to
operations to apply over the address range, and a bit
spertifyeam addsessappgd, ©AL A rMeTs MPROTEARSHLONS dQi[2pPlyf OeRdhe address
address r.ange. 22. The.. t f ' , '
BT O] B PraRrbry oY B BNt Ry ko AR iR
integrated wthin an el ectronic device. 23. A system
conprising: a plurality of nenory nodules; a built-i
el t -Thesysem sTrlantr gheen fh?a?i/%“% GP%tE‘S%ﬁ BFGEH f‘]‘fﬁ‘?ﬁce and
s];(gl,{enE&Satré e ﬁgd wﬂﬁ%yelém‘aﬂic vicehd a plural Ity of
sequencers at are respectively coupled to different
subsets of the nmenory nodul es, wherein each subset of

the menory nodule is selected to include the nmenory
Zodul L &YHEY PFHPPEBMoN cl ock donmins, and each

Seauend LSRG Sy itkiul@pP! i cation of the test

al go mto the réspective subset of nmenory nodul es

in  acbuittdanei-teitt (BISHE contmetten thitogikred cimaplgonihnt Hep testing the
subset of .nmenory nodul es. 24. The system of claim 23,
PEPYHEPO %b@%ging a plurality of memory interfaces

that ;5 ALRIEESPRGhdn¢els¥ha QupteasectitelymRIBIEY tdBidittes subsets of the
wherei'n each of the menory interfaces receive a dreSf
aerdoyanedul¢sy Whrksinyeash sabsst obte pranary grpdvicds splggled i pclude the
toe 2l gl%ﬁlllltep 'Ha%ﬂg cohfREP lcﬁ)tcﬁsd&lqaqnsadﬁﬁeéaﬁh %Qué}é&a controls the
LGRSl SR accordance w th an arrangement of 'rows an
application of the test algorithm to the respective subset of memory modules n

accordance with the common clock domain of that subset of memory modules.

24.  The system of claim 23, further comprising a plurality of memory interfaces that
are respectively coupled the memory modules, wherein each of the memory interfaces
receive address and data signals generated by the sequencer based on the algorithm and
translates the address and data signals in accordance with an arrangement of rows and

columns of the respective memory module.

25. A device comprising:



colums of the respective nmenory nodul e. 25. A device
conpri sing: WO 2004/ 086410 PCT/ US2004/ 008663 24

w0 peogpsd4evel built-in, self-test (BIST) neans POF/US2004/008663
I ssuing commands that define a BIST algorithmfor a
plurality of distributed nerfisry nodul es having
different timng requirenents and physica
characteristics; second-level BIST nmeans for
pr oc gssidvg]l bhg-eo RS (BB TYenenatier Baduercmmanls that define a
menory operations in accordance with the tim.n

BIgE algositfenter opluraly péftigbrigtmeasry madples HAYiRE diffrpnt timing
r%uﬁgng%%‘Eﬁ%#lﬁ’;?sg«%%ﬁ‘ia?c‘térﬁﬁcér ansl at ed address and data

e nmenory operations based on the
physk&ahd ¢dvet BIS Emiesis fospotedsing theconyandsdolgeserate sequences of

apply the BIST algorithmto the distribute nor )
MR EBCTaEIS ITACCONAPPE B 1IHIIE B THEITRIF Se‘?dfr”rg?e Higaory modules;
prst-1evel BIST neans conprises: algorithm storage

means for storing the commands as one of set of )
sel ediiablege] BiSfomyarsefot gaheyatimgt thavslateahdddeesa s8é cptatsgnals from

conmands; and al gor.it control. means for trievi

RTBCRGRARELOFS SATEHE F GOrTh shormamary® ahi e b fgautes v

agﬁﬂ NAR PAsAGthAL B dhMiERbURE nkRh@G nduenory test
orithmto the sequencer. 27. A nethod conpri sing:

i ssuing commands froma centralized BIST controller to

sequencer er el th 0 i - Vac-
2?est O@FS‘SY’F? ﬂﬁ@%ﬂ %é; IS Pghae 0 'a§%1g:g§g?§ ecﬁggt r %%/eéd
e MO LYot s@Fagh nb@ist fof e@aing the cpiymhdabs one of set of selectable
characteristics or timng requirenents of the nenory
ogreRry dest algpr hesdianipeanwckbraraands % he sequencer to

gene ra%)?iél%ﬁ eCO%rEIOFﬁ{It s Sl St fevin go heTeIREAneP fqﬁtﬁltrl] ietﬁg Salgorithm

in ac ance w e timng requi renents o ,
BN Yand iBde tessonanchda pgloyiated wittethesrleetpd operay itwhsl gpothm to
the distributed nmenory nodules to test the nenory
thotpgreser28. The net hod of claim 27, further

conprising translating address and data signals

associated with the nenory operations with nenory

270t erA actimdoompiiedgt o each of the nenory nodules to

gener.ate transl afed address,.a i gnal s n -
Phe. rpGIEC S outs Hh o 1P AeRoR D a G STEL [0 ARy wherein
D deinBSind@ a8 rBéMo kty al%@iﬂlﬁﬁtdfbmﬁbylié&lo a set of distributed
2004/ 086410 PCT/ US2004/ 008663 e .. i
memory modules without regard to physical characteristics or timing requirements of
the memory modules;

processing the commands with the sequencer to generate one or more sequences
of memory operations in accordance with the timing requirements of the memory
modules; and

applying the memory operations to the distributed memory modules to test the

memory modules.

28.  The method of claim 27, further comprising translating address and data signals
associated with the memory operations with memory interfaces coupled to each of the
memory modules to generate translated address and data signals based on the physical

characteristics of each of the memory modules, and wherein applying the memory



25 operations conprises applying the transl ated
address and data signals to test the nenory nodul es.
wQ@2004/08@10met hod of claim 27, further conpri si nBCT/US2004/008663
selecting the nenory test algorithm fromone of a
plurality of menory test al @rithns stored within an
al gorithm nenory. 30. The nethod of claim28, wherein
translating address and data signals conprises
oﬁe&@cfb%%: 2bih gﬂseQQHﬁl‘i‘aﬁ% tROFarkddtéd &idadalatd Wath BighBIBTS st the memory
I nterfaces based on at | east one of a nunber of rows
moflulehe respective nmenory nodul e, a nunber of col ums
of the respective nenory nodul e, and a nunber of
rowcolum nmatrices of the respective nenory nodul e.
281, Themeibhedcrfm ef Aufthd tomphieingi seldctisg thegnﬁnmyetmi slgorithm
conprising issuing conmands . in accoydanc
frowramered apluselily off memery st ¢lgerathms §E¥ec{>‘fﬂt@aﬁﬁ\§$ﬁ°€a}m Memory.
commands havi ng operands and a set of paraneters that
define the nenory operations to be generated by the
36.eqUERE Bfethod of claim 28, wherein translating address and data signals comprises

translating address and data signals with memory interfaces based on at least one of a
number of rows of the respective memory module, a number of columns of the
respective memory module, and a number of row-column matrices of the respective

memory module.

31.  The method of claim 27, wherein issuing commands comprising issuing
commands in accordance with a command protocol that defines a set of supported
commands having operands and a set of parameters that define the memory operations

to be generated by the sequencer.



