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SELF- TEST FOR SYSTEM ON- CHI P DESI m‘”‘mm!wwt he I nventi onmﬁ'&%
i nvention relates generally to built-i%elf-test design in and for

conmput er cwWoXR09B8€kgr ound of the Invention Built-in sel f PEE&GBOY/EBYT)

desi gn has been commonly inplenmented in_ nmenory and m croprocessor chips.
Sonme BI ST designs are used only once ddri ng wafer-|evel or nodul e-1evel
testing to screen out bad chips. OQher BIST designs are used to conduct
sel f-checking and repairing after each power-on, throughout the lifetinme
of the chip. |In tenaxkaIbryBUGETRIN (SELF-1ESY FOResSTEMONC GHIPhPESIGES| gn, BI ST
has becone a critical circuit conponent that determ nes the product's
devel oprment. cost_ and tine.to market. A typical BIST circuit in a

hi gh- densiEeldnataihe IpYeRR access nenory (DRAM) includes a controller,
cache, pattern generator, and data conparator. (For instance, see Jeffery
Drei bel bis, et mk, presPhodasanioBasbateBugdrierdiySed bullstinfsgl f-Helse didsdIDRAM' ,

| EEE Journg] .0f fopQldnfusiatgidslrcuits, Vol. 33, No.11, Nov 1988,

pp. 1731- 171%9cl %rc:ruplg $28£ roller uses signal bits to comunicate with an
external t , nodes such as START, STOP, CONTI NUE,
REFRESH, READ, and WRITE can be carried out by programm ng the signal
bits. Typicall yBuithein selfireectatBEITYrdes2§6 h2-tsier dopserlyciiroprsiGPA SN n

nul tiple pragedmd tifdrprockBeorChiipsi S spemarer desigrisherecasdieomiyl bndre | oaded

with a set duggné%tfer-g.'éggf 3B l-G By et eddihhes Bomeh et DRAMVEMiZsl. bntest ed.
The pattern génerat

Ine ot e R S0 U s RO 58K al10g BOTURLES! ikl i such
mar ch pat t RAWEI-FhetRESPEPEENERT At EIBDMParEsChiiRe ot 5oPEal %‘r‘r‘%e%ﬁkﬁ%’vm th
t he expectedh-paifartdrat arie desivt.cAIIDhBRARFORmME Wéterad plesuiiheehRA Phe
Circuit pagsRSdet@hmimisl 6hd Beodwests dévaroptendetdit! adi abel ysimrkan be
performed during wafer burn-in or
A typical BIST circuit in a high-density dynamic random access
memory (DRAM) includes a controller, cache, pattern generator, and data
comparator. (For instance, see Jeffery Drelbelbis, et al,
“processor-Based Built-In Self-Test for Embedded DRAM”, IEEE Journal of
Solid State Circuits, Vol. 33, No.l1ll, Nov 1988, pp.1731-1739.) The
controller uses signal bits to communicate with an external tester.
Different test modes such as START, STOP, CONTINUE, REFRESH, READ, and
WRITE can be carried out by programming the signal bits. Typicaily, the
cache can store 256 20-bit instruction words in multiple programs. After
the chip is powered on, the cache will be loaded with a set of test
programs, which determines how the DRAM will be tested. The pattern
generator is capable of generating common test patterns such as solid ‘1',
solid ‘0’, checkerboard, row stripe, column stripe, and march pattern.
The data comparator compares the data read from DRAM with the expected
data that are written to DRAM, and determines whether the circuit passes
or fails the test.

A more detailed analysis can be performed during wafer burn-in or
module burn-in. After scanning each row and column of the DRAM array, a
puilt~in address stack register array will store the addresses with the
highest fall counts. These addresses will be used for repairing by

activating redundancies via fuse programming techniques.
By placing many different macros on a single chip, a system—on=~chip

{(SOC) design takes full advantage of the integration technique to achieve

multi-function operations. For example, a wireless communication chip may
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nodul e burn-in. After scanning each row and columm of the DRAM array, a
built-in address stack register array will store the addresses wth the

hi ghest fail counts. These addresses will be used for repairing b

acti vat i ngwoeedask&6ici es via fuse programm ng techni ques. B(}T/QBSEP%QZ many
different macros on a single chip, a systemon-chip (SOC) design takes
full advantage of the integration techni7que to achieve nmulti-function
operations. For exanple, a wireless conmunication chip may | Y~A~61AnEd

* ACTI ONF WO 02/ 095586 PCT/ GB02/ 02302 2 conprise an enbedded DRAM nenory
macro, a Fkaghise ARrehbEBEIIODRIY néfcRly QRIcOE,e 8 STllash Qiedprya matxedasi gnal macr o,
andt So”eh%ﬂ!r%ggéﬁgé&s Fo@?a Qrfia;e& !ﬁgﬁlﬁ%*&@g%doéon@eﬂﬂﬁb R c@od 0 NG Gﬂ: edt
systemchip 1s ver | s .design. .k ver mSt . i out pu
pi ns of cabht ﬁﬁ%ﬁ(?n%eescSﬁedfsil%nalé’ge%sgf’%qléc% et sit%%l er):ér@%ﬁ% o%? i Pi|tys?1%z|df ficult
to conduct dgsigat i dBYR¥erhi YROS FO8k 1BREE PBNCCERY PEY PhPGR 8 SEEM%hi p.

Si nce nDSt imadcssdinge Bfitbt -inhegrtion, et igididhiqudtafe corduchradetidbine

i ndi vi dual hRCESSea Sle 16h-Sbstlasigihof 6f askygke amepDry or processor chips
cannot be applied to the systemchip that includes both the nenory and

processor macr og, The @ ST desi gn, fot, MerDiy.{ &3Ling. CANNOL1BEAISEdne

directly for protE8s¥ t &8y, Vi Ce versa. ““there is no
known G STiRESigRRLf Brcrafaltdl, SISTdRTLFP ST SHRT Y BEYC Yati PRPSEEE S Co R

macr os. Thealma¢koobpmidein thad isgatandhipotiradi brrlinges apbnghe memerserd of

di fferent BBSIe@SoMimhérdsur tTiaersGeN@RauGS rbhenetarplestiiny ahntthdeprsell em

Accor d! ngl éir %tﬁf%rgﬁ%cgﬁ%@ {&‘EQ@' 268 vi b GONRECtI ORIt Bn PRI NG an
effective Duilt-in self-t

st et hodol to condyct th I
syst em on- AP BES: PR o0t °reﬁrg%193’ trﬁggogi)éf%ﬁie?cyr gPﬁdb??ftﬁ%&I&;a%ngrl f or mance
of system oacxsli p THestagh. o TSGRTRNY CRToR Wédlci?\?EW't“iaB%P“Tﬁ‘@‘};r/E]%ee £3%°nf%ent i on
accor di ngl yiprerentdescrdsnwil if fugheaspepdund the cqypaetittised she prerdicdt ng
hi erarchical built-in self-testing for a systemon-chip, said apparatus
conprising: a (:gggd}élnd§b§ﬂ; o %QL'B%Eﬁ ﬁ@%ognized in connection with providing
an effective built-in self-test methodology to conduct the complete
system-on-chip testing, to ensure the circuit reliability and performance

of system-on-chip design.

Summary of the Invention

The present invention accordingly provides, in a first aspect,
an apparatus for providing hierarchical built-in self-testing for a
system-on-chip, said apparatus comprising: a central BIST controller; at
least one local BIST circuit; and at least one communication medium
provided between said central BIST controller and said at least one local

BIST circuit.

'Preferably, said at least one local BIST circuit is associated with

at least one macro.

Preferably, said central BIST controller comprises storage for

hard-coded test commands for each macro.

Preferably, sald central BIST controller comprises at least one

programmable medium which programs test commands for each macro.

Preferably, said central BIST controller comprises a state machine

through which test seguences for each macro are executed.



. l east one local QST circuit; and at |east one communi cati on nedi um

provi ded between said central BIST controller and said at | east one | ocal

G ST circuit. Preferably, said at |least one local BIST circuit is

associ at edWah 02/095586 | east one nacro. Preferably, said cenPERIGBA/EZE02
controller conprises storage for hard-coded test commands for each nmacro.
Preferably, said central G ST controller’conprises at | east one

programuabl e medi um whi ch progranms test conmands for each nacro.
Preferably, said central G ST controller conprises a state nachine through
whi ch test sequerEesadl9) saae hcentcyl0BIdTe cexeolitee dcomPEl 32/  IBHBEssor which

PCT/ GB02/ 02302 s S Peefh@ble¥st $Rbskagentral BI ST controller conprises a
processor which processes external test prograns. Preferably, said central

BI ST controller conprises a tenporar menory. space which stores data

col | ected from BefR* T FafdrC ngﬂ%leaﬁ%rnf’mtéﬁ?%/]érn‘éqmpﬁh SR\ P A er abl v,
sai d t enponauorynEmEce \Wwhs placgoxnpatias esllgctiych Andne erenfiethe &R SYRSSEARTY v .

Pref er abl yextsahel Ganiysak. BI ST control |l er conprises |ogic which perfornms a
hi erarchical test algorithm Preferably, said logic is adapted to perform

tests on nore than o test level . Prefer | Qi GvdaSi@dapigd to
per f orm at IeasFr%ﬁégﬁl‘ﬁ gﬁ?é?-ﬁeéne%ﬁarﬁ(er%eﬁogbf %g‘l?é/e{ Sé'%grq?%)ér)m%aa% |'east one
test of a PO T¥VPEY. Preferably, said nmacro conprises a plurality of
macros; and said logic is adapted to determne a failure nmechanismwthin

each macro and padmBEpIF dalipl @nibcl B3ST Powfret byl yompgdsed Logiccwhishadapted to

abort a teﬁ&:&&@&%‘ﬂﬂ@ra\é&ﬁ'&a@ teb@talgoPitnhl reparable failure is detected.
Preferably, said logic Is adapted to pronpt at |east one |ocal BIST

circuit to fix a reparable failure in at | east gne nacro.
Preferably, said logic is adapted to perform tests on more than one

test level.

Preferably, said logic is adapted to perform at least one
higher~level test prior to performing at least one test of a lower level.

Preferably, said macro comprises a plurality of macros; and said
logic is adapted to determine a failure mechanism within each macro and

among multiple macros.

Preferably, said logic is adapted to abort a test procedure when a

fatal or irreparable failure is detected.

Preferably, said logic is adapted to prompt at least one local BIST

circuit to fix a reparable failure in at least one macro.

Preferably, said logic is adapted to initiate testing at a different
hierarchical level once a given level of testing is complete.

Preferably, said central BIST controller comprises a temporary
memory space which stores data collected from each macro for subsequent
external analysis; and said logic is adapted to transfer data to said
central BIST controller and store data in said temporary memory space
after said at least one local BIST circuit completes a final level of

testing.

Preferably, said logic is adapted to signal test completion after
said at least one local BIST circuit completes final level testing on

every macro.



. Preferably, said logic is adapted to initiate testing at a different

hi erarchical |evel once a given level of testing is conplete. Preferably,
said central BIST controller conprises a tenporary nenory space which
stores dat Woayo9s86éed from each macro for subsequent ext 8BEWABIARANY S| s;
and said logic is adapted to transfer data to said central BIST controller
and store data in said tenporary nenory “space after said at |east one

|l ocal BIST circuit conpletes a final level of testing. Preferably, said
logic is adapted to signal test conpletion after said at |east one |ocal
BI ST circuit corpketadsyfisand akelsekt tapst ¢amgumizat saremsdipmoronrrig@s02/ 095586

PCT/ GB02/ Qz3fden o aRE Qia%é 331'\:3{; af@iddadss| BAS! WA €RWEL RhCAtdomnantesihdldkta
conpri ses 1S o23d address bits which direct said

conmand ar‘F&taatt°aagb| toélea Peast one specific macro. The apparatus of the
first aspect prefer abI y further conprises at |east one predeterm ned t est
program t r ansf ethabbeparatwsapl therfirat sBPST PESRERIYI BItReF AFRIGEEMTtng t est
comands. e esrabbyadesairdneenbstlpr&rSh 0ansfokbly teorpdicsasral BSHT

Dr 0ceSSOr . g, ARDAEA! S iluilg ddsk SdondBfiBGL preferably further comprises
at least one redundant local circuit provided for repa| r pur poses In a

second aspect, the present invention provides a so; DsBrOr\é'ce
hi er ar chi cal blﬁqetfeﬁ?lgelsialf‘ﬁf"ﬁ‘?d P §°r§§§{]€ﬁ}%c?‘f‘pi siep, sar d et hod

conprising the steps of: providing a central. BIST controller; provi d| ng at
| east one | ocal rHd Sgpariat@dlot ;thantlireomspactc atéfrgablat fieshes motprigeatatal BI ST

controller, and §al de@nal@23bcANEi dAC@IprBFFEaCidiCrdphair PaepdmEhod of the
second aspect preferably further conprises the step of prOV| di ng at | east

one nmacro associated with said at |east one |.ocal %loc} of
Preferably, sai®p &t efF9f PPBY-dFify pﬁesc?é‘ﬁt’r“é(fenﬁ%'lpr@&h lsofllme Conpri ses
provi di ng stotdiye hoerarahidat duedt tiostelEobpians P2 BRI NACEBLP/PPet%r abl y,
sai d step @ftnBl WEngdkHInd theNtedt dH: Troeoaingok |le@ntral BIST controller;

providing at least one local BIST circuit; and communicating between said

central BIST controller and said at least one local BIST circuit.

The method of the second aspect preferably further comprises the
step of providing at least one macro associated with said at least one

local BIST circuit.

Preferably, said step of providing a central BIST controller
comprises providing storage for hard-coded test commands for each macro.

Preferably, said step of providing a central BIST controller
comprises providing at least one programmable medium which programs test

commands for each macro.

Preferably, said step of providing a central BIST controller
comprises providing a state machine through which test sequences for each

macro are executed.

Preferably, said step of providing a central BIST controller

comprises providing a processor which processes external test programs.

Preferably, said step of providing a central BIST controller
comprises providing a temporary memory space which stores data collected
from each macro for subsequent external analysis.



. conprises providing at | east one programmabl e medi um whi ch prograns test
commands for each macro. Preferably, said step of providing a central G ST
controller conprises providing a state nachi ne through which test
sequences WEr02499%%6 nmcro are executed. Preferably, said EF¥EBIHOEPHvI di ng
a central BIST controller conprises prcofvi di ng a processor which processes
external test prograns. Preferably, said step of providing a central BIST
controller conprises providing a tenporary nmenory space which stores data
collected fromeach macro for subsequent external analysis. W 02/ 095586
PCT/ GB02/ 02302 kxePeeftayaldayd stap dfspepidingps denphragy aneherypoparey nenory

space CO%&;JS.fs%sp{)PaGidmgaadﬁxmnwndoﬁmgsa%ﬁ&sj.rremory- The met hod of
t he second aspect preferably further conprises the step of performng a

hi erarchical test algorithm Preferably, said step of performng a

hi erarchical tede BeGER thibe e %@fcbé’FFB‘?‘rﬁ%ﬁb fPé"'sbteg BHPRBTE tHan one
test | evelstepref @eabdpingai dierprgpiodl sestf glavwighm hi erarchical test

al gorithm conprises perfornmng at |east one higher-level test prior to

performng at }eastaAne da88tsteh & POWBImMinGVL hs eFYrehedadblast SRjodifFRCT O
compri ses & pLural LY, Of MREL83 200, 53 8h 3L 88.0hoReLf O M g 2

hi er ar chi c& est gfgorl m conprises determning a failure nmechanism
wi thin each macro and anong nultiple macros. Preferably, said step of
perforning a hi®redecailyal SatiésittealQjolf’?ltfﬁﬁﬂ‘in@o?rﬁ’ri?%%h%ér’f?sﬁga]a?Wé
procedur e ¥herised pbaforfiing bt Qpastabhe Highdrtleveli sestepsior erh pRrBiRiEbRY,

sai d step of, performingsa Hbmiai&hhcal test al gorithm conprises pronpting
at |east one local BIST circuit to fix a reparable failure in at |east one

macro. Preferably, said step of performng a_ hierarchical t.estd alg rithm

conpri ses initiBE9fAERIst TatE HErY AMPTISPR M PRYBL AT AF FRFFT%6VRT° BAtE a

gi ven | evestapf of a@trifqmg\i'pg acbh@aeqré_cal test algorithm comprises determining a
failure mechanism within each macro and among multiple macros.

Preferably, said step of performing a hierarchical test algorithm
comprises aborting a test procedure when a fatal or irreparable failure

is detected.

Preferably, said step of performing a hierarchical test algorithm
comprises prompting at least one local BIST circuit to fix a reparable
failure in at least one macro.

Preferably, said step of performing a hierarchical test algorithm
comprises initiating testing at a different hierarchical level once a

given level of testing is complete.

Preferably, said step of providing a central BIST controller
comprises providing a temporary memory space which stores data collected
from each macro for subsequent external analysis; and said step of
performing a hierarchical test algorithm comprises transferring data to
said central BIST controller and store data in sald temporary memory space
after said at least one local BIST circuit completes a final level of

testing.

Preferably, said step of performing a hierarchical test algorithm
comprises signaling test completion after said at least one local BIST

circuit completes final level testing on every macro.



. Preferably, said step of providing a central BIST controller conprises
providing a tenporary nenory space which stores data collected from each
macro for subsequent external analysis; and said step of gerform’ ng a

hi er ar chi c W0 28085586 gori t hm conprises transferring data t8 T@ﬁ"%{”@%ﬁt ral
BI ST controller and store data in said tenporary nenory space after said
at least one local BIST circuit conpletes a final |evel of testing.
Preferably, said step of perform ng a hierarchical test algorithm
conprises signaling test conpletion after said at |east one |ocal BIST
circuit conpl etsféiadl, |evielcommstitaig ngnster eroprprEass o . PG B (PBBJE and
PCT/ GB02/ 02:3Q2p £ sPr £ pad¥itin alidke60 MIYA I vBaLE RIYr&ite Paici0s@ikse Sind ptaawi di Ng

command a d bils: Qd 0¥ ding.address bits which direct said
comand a%téa?éa%tbjftastto a?&lrceast ong specific macro. The method of the

second aspect preferably further conprises the _step of provjdi n%l at | east
one predet er ni ¢ retedpehH Gharrerdnafoerhpirafergbly fugthes ntRF* B sTe
control | ersdedr oplpegriding ng Llest oenprmidsermPned ¢estblpyoorenitdragsimgable to

provi di ng g ;¢epidiaki Birs? &Rptdi0ks @br fROIRINnSRS tpé0\Cbiliangs 2 DSP processor.
The nethod of the second aspect preferably further conprises the step of

provi ding at | east one redundant |ocal ,cjrcuit ?rcivggsgrd fqr {fet%air
purposes. In a DPreEPERd Wb ticRetit Pr YR8 S BsERt“ T nvent FOh “Ray provi de a
progr am st cymmgésadepred diendabiferipfepithi ne, tangi bl y enbodyi ng a program
of instructions executable by the nmachine to perform nmethod steps for
provi ding hi er afihinglodbst lhe isdc&Rl hsderbtjragedably Fusyisiretorpri el phe sai d
et hpd. COYTPI’e!pS Izapg)rtot;'?di% ehs QJS-‘I: &Ieo.}‘éd#nﬂzgutaw@éit Eﬁlcuﬂ_ %on?i@@& r @yl £dpair
provi di ng AT eadt one ocafL BI' ST circuit; and comruni cati ng between said
central BIB¥FC8hiroller and said at |east one local G ST circuit. In
accordance with at | east one presently preferred enbodi nent of the present
i nvention, a hiefar ghiearedunbddinants eltfe- peseny Bh8htidesrygrrronedehad i s
provi ded foogtrgﬁtJtha&ﬁsn db P8 HFRLAH «SHP hBERIGE] RtabidlyVaibboishiy a program
of instructions executable by the machine to perform method steps for
providing hierarchical built-in self-testing for a system~on-chip, said
method comprising the steps of: providing a central BIST controller;
providing at least one local BIST circuit; and communicating between said

central BIST controller and said at least one local BIST circuit.

In accordance with at least one presently preferred embodiment of
the present invention, a hierarchical built-in self-test (BIST) design
method is provided for testing an integrated system chip with various

functional blocks and macros.

The présent invention also broadly contemplates, in accordance with
at least one embodiment, the provision of a central BIST controller, one
or more local BIST circuits for each macro, and data/control paths to
perform the system on chip (SOC) test operations.

Further contemplated herein is the provision of a preferred
hierarchical test methodology that allows various levels {(or more than one
level) of testing on different macros. For example, the highest level of
testing detects each macro’s faults that are not reparable. The next
level of testing detects the macro interface’s faults that are not
reparable. The following levels of testing may include self-repairing,
self-tuning, and parameter adjustment for each macro to ensure its
performance and functionality. The last level of testing conducts



. functional blocks and macros. The present invention also broadly

contenpl ates, in accordance with at |east one enbodi nent, the provision of
a central BIST controller, one or nore local BIST circuits for each macro,
and dat a/ cHi®2695586t hs to performthe systemon chip (SOBfTiGE}/02302
operations. Further contenplated herein_is the provision of a preferred

hi erarchi cal test nethodol ogy that all ovs various |evels (or nore than one
| evel ) of testing on different nmacros. For exanple, the highest |evel of
testing detects each nmacro's faults that are not reparable. The next |evel
of testingndeteeksddiggimCand iyhéler fradesss,f aud tsendshatpcate teothe pepamabl e.
The fol |l owaged evel s of testing may include self-repairing, self-tuning,
and paraneter adjustnent for each macro to ensure its performance and
functionality. The last |evel of testi n% condu 02/

PCT/ GB02/ 02302 ¥ PFREFRLRE"HebaYdPAY SR P§F%‘?rﬁ %wFé pyred eﬁ%ﬁ‘ﬁé"gﬂﬁs reports
to the extihenatesepesingentibn, acceortdah@ESTicont2ellprsoTPTdaes: ‘pr REREHpFNAbL
preferred ewvhesd Fentstotingd bee RESS patterny @nt i pRgraméentthalteBt Shmoantsr ol | er

B b ammt HSt et Hg@’l o sqggé @8nihOI£os! QldcBEhrlghend @8d eaﬁﬁeﬁﬁesogr@ch
rogrammin e es conmanas or e
D 0T 2T ket gt S8 Lo RIRNLS, oo O 0BG AL aéce%fs%ﬁogg%ms of

executlng se ue mann a dynanlc

random acceddeqisngrjhy BFWW‘C‘I‘ Gr"ta &b &bt |Jﬁ§aJt ﬁ"és? é’éH‘BﬁER gaf & ?’%Jrﬁ'f‘ﬂe

| ocal Bl SThmicessirt §or nodugtbag fothanmaqye cands srfrerfracre dedtind Fip PAPFAEIFacr o
and i nt er - fRGr §n RB414AQ ds@eprograns from an external tester. Additionally
contenpl ated herein is the provision of a preferred test algorithmthat

perforns self- te kn &ﬂlig %ﬁ%eﬁ?f%t%ﬁmqu%r?rlktﬁ{e ?rdvjls?on Qf%réféﬂé%@& and

par al | el manner " €5 +% ed
enbodi nentte5t BHROTAEHe EhatoPerioE™s FHERTREH-"IptHy PUEs s’é"ﬁ’pé%%ﬁfh etf§af or ®

provi di ng Miezrachikit andbparial l§lnmayakf -toesedugg ther totalsiest eii8n- chi p, the
apparatus conprising: a central QST controller; at |east one |ocal BIST

circuit; and at A%aﬂa&nea QUFBIRLE BhbRMn SR b H Bre PiEidRd hRt weRAttde

central Blgigvcggg Eglééﬁéra us %g}epggV1hf§%SEléyagcﬁf%gfjbullt -in self-testing for
a system-on-chip, the apparatus comprising: a central BIST controller; at
least one local BIST cilrcuit; and at least one communication medium
provided between the central BIST controller and the at least one local
BIST circuit.

Another aspect of a preferred embodiment of the invention provides a
method of providing hierarchical built-in self-testing for a
system-on-chip, the method comprising the steps of: providing a central
BIST controller; providing at least one local BIST circuit; and
communicating between the central BIST controller and the at least one
local BIST circuit.

Furthermore, another aspect of the a preferred embodiment of the
invention provides a program storage device readable by machine, tangibly
embodying a program of instructions executable by the machine to perform
method steps for providing hierarchical built-in self-testing for a
system-on-chip, the method comprising the steps of: providing a central
BIST controller; providing at least one local BIST circuit; and
communicating between the central BIST controller and the at least one

local BIST circuit.



. BIST circuit. Another aspect of a preferred enbodi nent of the invention
provides a nethod of providing hierarchical built-in self-testing for a
systemon-chip, the nmethod conprising the steps of: providing a central

Bl ST cont r W ev095386 ovi di ng at | east one | ocal QG ST cir cui PCT&RY2/02302
comuni cati ng between the central G ST controller and the at | east one
local GIST circuit. Furthernore, another® aspect of the a preferred

enbodi ment of the invention provides a program storage device readabl e by
machi ne, tangibly enbodying a program of instructions executable by the

machi ne t opReEf sdeeipRbRoE $hedsadiags provi ding hierarchical built-in

self-testing for a systemon-chip, the nethod corrpri sing the steps of:
providing a central T controller; providi | east . one I ocal ad ST
circuit; and c%rﬂ’?ﬁﬁ?‘if&g ﬂ‘é BJé’te\‘Rge"% }l’?pp’f;esﬁf’{" S B S and the at

| east one d¢ssEdped)| ’E?I"@i&’r?,fuﬁt‘am%0(92)"0QS’S‘BGG?%FPEBGEI’BL?SB?C%F@Y%F

Descri pti oarasfingse ibrvendicngs A preferred enbodi nent of the present invention

wi Il now be descri bed by way of exanple only, with reference to the
acconpanying  d i 0Gs, hy H50H-EnJoniih | UBET Be88rRwSitS b5dB1@8s Chi p
(SOC) design WI{‘ lfli\ﬂ‘t e% f teétéé(%B{ ST)§gunrts iglurce 2

-| n self-
i || ustrat eBY4* gJe’héFgf tﬁrs'ér(f ﬁl ¥4*Spuilt-in self-test scheme for a system
chip and its subsystens. Figure 3 illustrates a flow of test prograns that
can be execut edriysre gt ababstantks acrheBILSTiarartisicaDémdti-pni 3 fofesthe
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Description of the Preferred Embodiments

Figure 1 illustrates a system-on-chip (SOC) design with specific
built-in self-test (BIST) units. Particularly, the central BIST control
unit 10 sends information including address bits and command bits to the
local BIST units 30a, 50a, 70a, 90a, 100a of individual macros 30, 50, 70,
90, 100, respectively, and preferably conducts the following tests in a

hierarchical manner:

- unit tests of radio frequency (RF) macro 30, flash memory macro
50, mixed signal macro 70, dynamic random access memory macro 90, and

processor macro 100;

- an interface test between processor macro 100 and DRAM macro 80,
such as reading data from DRAM to processor, writing data from processor
to DRAM, and executing processor testing programs from the DRAM macro;

- an interface test between RF macro 30 and external antenna;

- an interface test between RF macro 30 and the base-band section of

mixed signal macro 70;

- a communication test between the flash memory macro 50 and the
digital signal processing (DSP) units of mixed signal macro 70, for
example, to store information in Flash from DSP, to execute block erasure;

and



. hierarchical manner: - unit tests of radio frequency (RF) macro 30, flash
menory macro 50, m xed signal macro 70, dynam ¢ random access nenory macro
90, and processor macro 100; - an interface test between processor mnacro
100 and DRW® 02095586 80, such as reading data from DRAM t o PRFGEEYER32
witing data from processor to DRAM aq_)d executing processor testing

programs fromthe DRAM macro; - an interface test between RF macro 30 and
external antenna; - an interface test between RF nacro 30 and the base-band
section of mxed signal nmacro 70; - a comrunication test between the flash

menory nacro 50 andataherardifgt tpakfsngnral tgptocsssemPRADSRFrAD tandoflashxed

signal mackQ ZP makPS 50 XAMLAampld §b UxBhdrdkoda¥al hithedd thtstud LamDSP, to
execute bl ock erasure; and WO 02/ 095586 PCT/ GB02/02302 9 - a data transfer

performance test between DRAM macro, 9Q an mepor. f
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and Secc”1dﬁié¥£§Lh}f)5n the other hand, the functions of on-chip communication,
second-level (or intermediate-level) BIST control and second-level (or
intermediate-level) BIST programming may be associated with various
subsystems at 207a, 207b, 207c, etc. Thence, at a “local” level 210 of
the hierarchy, local BIST control and local BIST programming may
preferably associated with various cores or macros at 212a, 212b, 212c,
212d, etc. It should be appreciated in general terms that whereas there
is preferably at least one (but typically more than one) subsystem
associated with the subsystem “level” 205 that is subordinate to the
global system at level 200, there is at least one (but typically more than
one) core or macro associated with the local “level” 210 that is

subordinate to each subsystem.

In a preferred embodiment of the present invention, each subsystem
preferably has a local BIST unit, at a “bottom” or “first” level of the
hierarchy, to provide standard test functions such as READ, WRITE,
EXECUTE, and RETURN. Such a local BIST unit also preferably provides test
functions that are specific to the subsystem in which it resides. For
example, the local BIST unit in a DRAM macro may have a pattern generator
to generate predefined test patterns for the memory array. The local BIST
unit in a processor macro preferably has a program generator to deliver
predefined programs for the central processing unit (CPU) core. (Note
that the CPU core can also be a DSP unit.) All local BIST circuits are
equipped with a common interface to facilitate the communication between
the global BIST unit and local BIST units. This communication channel can
be a serial bus, parallel bus, or any existing standard bus. If the local



.internediate-level) G ST progranm ng may be associated with vari ous
subsystens at 207a, 207b, 207c, etc. Thence, at a "local" |evel 210 of the
hi erarchy, |ocal BIST control and |ocal BIST programm ng ma¥ pref erably
associ at edW 21998586 i ous cores or macros at 212a, 212b, 21PET/GBIYERI02 ot . |t
shoul d be appreciated in general terns EQat whereas there is preferably at
| east one (but typically nore than one) "Subsystem associated wth the
subsystem "l evel " 205 that is subordinate to the global systemat |evel
200, there is at least one (but typically nore than one) core or macro
associ at edsyuTt firdchetd doabot’ hexeeh "copiéh thiarfase, Swdyordioealfict tnteatdre to

SUESVSE em ¢Jdp f@o&&elfaﬁTLeﬂrc%ﬂ?%bﬁm{lgr&Erémg W?ﬁﬁi’&nghi{&tde%i itaa,glfaﬂht I I
subsystem ef erably 2,1 0 L ST, L0l a "bottont or "first" |eve
of the hi %fr)sgrr‘é l)}:, Q?oesﬁ%s)lvlis e %%mﬁ‘%(f%}%gs?%m?rﬁe%éti ons such as READ, WRI TE,
EXECUTE, and RETURN. Such a local BIST unit also preferably provides test
functions that Hyeeospdépfianmuricphionsaldeys ttdm 939PHhBERT Pt &8iRfESOFor
exanpl e, theribo€aonBt3Tandidhta nranddRAMpreadionsTRy ey toalpdlisTewrdtgen&hat or

t o gener at g, L6085k EPAd oheSh 1Bt §1dRs1 fe@ET tuAet NARNBEALta4 Nayal Bher,| eead aG ST

unit in a processqr MACK ef.er ahl s r . l'i ver
oredefi ned A R Tor ot fier sy, 13S; 30BLOGESM URPLEAL DR e

_ e central _prqcessi upi t core. te. that
the CPU coPeer@hirrgl bl ety BEPaInT YT ) URAF 149 8@%‘* %fesfg%:)g%%?rt?glélr éhpoecﬁllji pped
with a conRIAT imitepf arsadtthef hedt resles tfhem coffAfi BT orfrbaddieiae: e gl obal
A ST unit amthi®cdhmédiBSitith AElowd hibe ClohwuBIERnGN tohpenfein carkrobpeard seri al
bus, paral hgl, PHs,sr0F RaYati%hsebkenl @3daF GhobdiSocht Biie uhoal O 02/ 095586
PCT/ G802/ 02508140 (BL T GLLCULLS, o0k NS foutOIBNGhINBLL A Ear, t B 2
specific i Aterface to . eac oca I cirecult, shoul d rtgf erabll%cgf
i npl ement eB°Ten thHe °FF J19SPL BBFET GG B Sh"l”iugh"gm(%mm?ﬁ cation channel .
The on- chi BI¥ommihsi dattd Srardfep\epetaidorl 6pRIStBISTREMeet t(RFOHEA Yt MP % ar i ous
control andh&inbre tuoass BEBT apet atreahshonesheebaldal fRMSFongnthan, ofEhdocalont r ol

oper ati ons padd, 0¥ & edkOhaha BloSlo-HBbdo t&stSh@iaxneO8ightsd, 1&@bDmBIaT | Oocal
Bl ST, or rgqlu%st the status of a local BIST. The data transfer operations
all ow t he gTo al BIST unit to store the test programin a |ocal

One more key feature of a global BIST is its capability to determine
whether the local macro is functioning properly according to the design
specifications. If not, then the global BIST will preferably replace it
with a redundant local unit.

Figure 3 illustrates a flow of test programs that may be executed by
global and local BIST units.

As shown, hierarchical BIST programs are first preferably loaded
{302). Local BIST program n is then preferably run (304). Upon failure
associated with the corresponding local BIST repért {306), the process
ends (308). Otherwise, a determination is made (310) as to whether n
equals N, the latter representing the entire number of local BIST programs
available. If no, n is incremented by 1 (312) and step 304 is revisited.
If yes, then a second-level or intermediate level BIST is run at 314.
Here, as well, the system BIST will preferably interrogate each BIST from
the subsystems sequentially or in another defined order. Finally, the
global or top-level BIST is preferably run at 316. Upon failure
associated with the top-level BIST report (318), the process ends (320) .
If ™“pass”, then the hierarchical BIST is considered to be complete at
322. Whereas step 322 corresponds to a successful completion of the
process, steps 308 and/or 320 may prompt either a premature termination of
the process in the event of an irreparable fault, whereupon an automatic



. BIST unit or read the test results froma local BIST. In addition, the
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successfully execute their respective subsystem testing, the global BIST

unit will perform the final system test.

It should be appreciated that the present invention, in accordance
with at least one presently preferred embodiment, broadly contemplates a
BIST hierarchy that may be composed of two levels, three levels, four
levels, or any conceivable number of levels above four. Similar
principles would preferably apply in each case as regards the relationship
between a BIST of one level and one or more BIST’s of an immediately lowex

level in the hierarchy.

It is to be understood that the present invention, in accordance
with at least one presently preferred embodiment, includes a central BIST
controller, at least one local BIST circuit, and at least one
communication medium provided between the central BIST controller and the
at least one local BIST circuit. Together, the central BIST controller,
at least one local BIST circuit and at least one communication medium may
be implemented on at least one general-purpose computer running suitable
software programs. These may also be implemented on at least one
Integrated Circuit or part of at least one Integrated Circuit. Thus, it
is to be understood that the invention may be implemented in hardware,

software, or a combination of both.



. activation of further testing prograns or even self-repair prograns in the
event of a reparable fault. In accordance with at | east one presently
preferred enbodi nent of the present invention, the test programs can be

pr edef i nedwWey0209858¢)| obal BI ST unit or | oaded external |y PCHGBIFOIPT - chip
communi cati on channel. The test prograns for the subsystens can be
executed in parallel by the |local BIST Bnits to reduce the test tinme. Wen
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BI ST units successfully execute their respective subsystemtesting, the
global BIST wunit will performthe final systemtest. it should be

appreci ated that the present invention, in accordance wth at |east one
presently preferred enbodi ment, broadly contenplates a BIST hierarchy that
may be conposed of two levels, three levels, four |levels, or any

concei vabl e nunber of |evels above four. Simlar principles wuld
preferably apply in each case as regards the relationship between a BIST
of one level and one or nore BIST's of an inmediately |ower |level in the
hierarchy. It is to be understood that the present invention, in accordance
with at | east one presently preferred enbodi nent, includes a central BIST
controller, at least one local BIST circuit, and at |east one

comuni cati on nedi um provi ded between the central BIST controller and the
at | east one local BIST circuit. Together, the central BIST controller, at
| east one local BIST circuit and at | east one conmuni cati on nmedium nmay be
i npl emented on at | east one general - purpose conputer running suitable

sof tware progranms. These nay al so be inplenmented on at |east one



Integrated Grcuit or part of at |least one Integrated Crcuit. Thus, it 1is
to be understood that the invention may be inplenented in hardware,
software, or a conbination of both. WD 02/095586 PCT/ GB02/ 02302 12 Although
illustrati WO @886 nents of the present invention have be@RT/GRE¥FEFPhed
herein with reference to the acconpanying drawings, it is to be wunderstood
that the invention is not limted to th&ge preci se enbodi nents, and that
vari ous other changes and nodifications may be affected therein by one
skilled in the art wi thout departing fromthe scope of the invention. WO
02/ 095586 PCUGB02/02302 13 mAna 1. Ancagpar atus for providing hierarchical
built-in self-testing for a systemon-chip, said apparatus conprising; a

central BIST controller; at |east .one . local.BlL.ST circuit;.: . t one
conmuni cat £ on n’%ﬁ?ﬁ?ﬁrﬁ%ﬁiafﬁéoprﬁgf 83‘135?’_:5%%%%]‘[5?%#“8?%‘?elfc%%g’?%lgl éeofragnd
said at | eagttemrRe-Fioral SBIISTPRATAEYR FOMPFLSIPHe apparatus according to Caim
1, wherein said at |l east one local BIST circuit is associated wth at

| east one macros BntdNesafapasmdrdsiaa¢ccording to Caim2, wherein said
central BIST controller conprises storage for hard-coded test comrands for

each nmacro. 4. The appar at.us ding.to Ghaim2, wherein said central
BIST controll et g%ﬁ%ﬁf%%sl"g?f%gg{stClB%égbraogramrabl e nedi um whi ch prograns

test commands for each macro. 5. The apparatus according to Caim 2,
wherein said ceat tabstBo8T copuwticetioarmegywpprotisied ketrean Aathrertrehriddgh

whi ch test .sagUeREesnd Ghi€athicaiBCine Bicel exserudieduits. The appar at us
according to Claim2, wherein said central BIST controller conprises a

processor which processes externpal te taigrlogran%iné.aighae% ADRAr QLUSocal

accordi ng fo O HBiSPPPaRRRRT GCROEAPY WReririal Bl

BIST circuit is associated with at least one macro.

3. The apparatus according to Claim 2, wherein said central BIST
controller comprises storage for hard-coded test commands for each macro.

4, The apparatus according to Claim 2, wherein said central BIST
controller comprises at least one programmable medium which programs test

commands for each macro.

5. The apparatus according to Claim 2, wherein said central BIST
controller comprises a state machine through which test sequences for each

macro are executed.

6. The apparatus according to Claim 2, wherein sald central BIST
controller comprises a processor which processes external test programs.

7. The apparatus according to Claim 2, wherein said central BIST
controller comprises a temporary memory space which stores data collected
from each macro for subsequent external analysis.

8. The apparatus according to Claim 7, wherein said temporary memory

space comprises a dynamic random access memory.

9. A method of providing hierarchical built-in self-testing for a

system~on-chip, said method comprising the steps of:
providing a central BIST controller:;

providing at least one local BIST circuit; and



controller conprises a tenporary nmenory space which stores data coll ected
fromeach macro for subsequent external analysis. B. The apparatus
according to Caim?7, wherein said tenporary nmenory space conprises a
dynami ¢ F AOOINI09556€ S S menory. 9. A nethod of providing hi BEHGBA/0P2
built-in self-testing for a systemon- ﬂ;l p, said nethod conprising the
steps of: providing a central BIST controller; providing at |east one | ocal
BI ST circuit; and WD 02/ 095586 PCT/ GB02/ 02302 14 communi cating between said
central BTST controller and said at |east one local BIST circuit. 10. A
pr ogr am st or agecof@tiicat ireatetineen yaidaehtsaé, BiSIneanskgllenbay g at Lsrefr am
of instructiOnSc-8Xgrdtt apliby the machine to performnethod steps for
providing hierarchical built-in self-testing for a systemon chip, said

met hod conprising the steps of rovi di cent ral IST
provi di ng & | FaSFoFR FiHCare gf cF‘?a@ﬁ]?% g‘é clonr%‘mn n@a? ’%{?%H;\Ed(;n sai d
central Bl SPgramtofoldssruchidns sxgcutable R tthe GRSHERS: 4P Far;'?ﬂﬂb g Steps

for providing hierarchical built~in self-testing for a system—on-chlp,
said method comprising the steps of:
providing a central BIST controller;

providing at least one local BIST circuit; and

communicating between said central BIST controller and saild at least

one local BIST circuit.



