; FGe3eCI@ >6TJ*/ Docket No.: 2003000l 3-1 SYSTEM AND METHOD FOR TESTI NG
MEMORY AT FULL BANDW DTH BACKGROUND [0001 ) Fromtime to tinme it is
inmportant to test conputer nenory to be sure that a bit, such as a |, reads
as a 1 when that location is read from It is also inportant that when a 0
is stored at that sane location at a later tine, a 0 is subsequently read
therefrom This test is inportant to in order to detect ang.,&RS.b&Sho St UCK
bits and thus requires a cycle froma "1" to an "0" and back to an "1" to
be certain that a bit is not stuck. [0002] In sonme situations, the system

can not dir ectdy 180 aND METHOD FORPESTINGMEMORY AT HELE BANIBWIDTHK bits is
difficult. For exanple, the bits used to store a tag for a cache line are

often not directly readable. Al so) error correcting codes (ECC) are al so

invisible to the user process because the hardware generates those bits to
make sure the data is correct when BACKGROWNE from nenory. Thus, ECC bits
are self generated dependent upon the bits stored at a particular |ocation

an]g ar e n;)t st\%1 _quomﬂler;roumﬁh emiamemkim;{o&msﬁte@dgxgm@em_ oBy/tB be Site thata a

sof tware | oop which wal ks through every,. si e ress in r iting a
pattern) r &ikdhehasial, Fradsas atlwﬁﬁn%af IPF%XPH?H%‘?%%S‘&“B? 'Wpﬁﬁf“q‘égfyg‘f’w%dﬁd

][eadi Ing it sttaﬁ:alst thﬁi%%&%atioﬁ@ﬁﬂdﬁ?ﬁ@é, a}opes%&qmaymamefehemr ayisaacis ECC bi t s,
our | oops_through nenory have typica _been. necessar r testin

pur poses. [ropsgant to ip arderiqdatechand;caigeqt %’P‘éé’“ﬁr@?#(}“‘i'ség““frﬁsea ‘é’ﬁ(eg:{"i“h”g slb it g’t esting
Process i s« 448 beék1S il Mo BEIkriain thaR HBit 36 nosstdlded t he anount of
initialization tinme increases. SUMVARY [ 0005] Enbodi nents provi de systens

and net hods for t i.ng.a nmemory. where at | east,.one bit fi certain
address | ocati onseiﬁ‘gnﬂof“ SBB‘C%%S‘ESI' @eé@%&%a‘ﬁ@gﬁ%r iag‘%e%sgcelﬁ%lﬁgﬁeg’%fyng a data
field w thideatune s®detdctifiy @akibas & difficslt iFoneample/the birscised td stoee a3ag fr a capey/i ng
certain of the pgpul ated dat itg into the.non-di c i dat a
Fiel d. r epPaEHRONEHE! CEFHAT Ao ALt RAS S aupecop P et sl RFRblst e

resul ting g prodésEbedagseltitchatinareg@netatesthise bis tintake pird the deas comanwhénat is
nondirectly cessible fiel nd_checki n I t A Lts at the
address | oé‘???i%i?ﬁ‘ PYPOTHi tlg(t“‘](ég"tsaaé?s ﬁc[ﬁe?esrg edIa(ir?p %ﬁgﬁgﬁ%&% %ﬁto?ed%]%vm bits
are popul apgécilitiecationigidard ioestored tindenesendontrolDocket No.: 200300013-1 the
certain address |l ocations, and at | east some of the known data bits that

are copied into n i r M) | ki gjjgﬁam{:y,’, | Glmaner e
copied fromthe dgp%dg?i eﬁ%&rﬁl@s@%@?%{%g _O%ﬁoﬁ t_ié_lgt}gsp ti ng'l%?‘)r@%)ym ORi ng

t he copi ed addrésa irbinerporyj wiitingiatpattera.aeadingdthack them writing the mverye efthat pajten) aadf j el d,
and all the L€ ihyll bahPREC BiE fdul ol eiiirol

m smat ched ’ﬁg@éﬂﬁ%gwfﬁ%&%%%@qﬁ@mw NGS’ (0006 FIOC%{RE 1
shows a remreementiat typealii begn neressiry fensesting pumosesr y | i nes depicted during a
wite operation; [0007] FI GURES 2A and 2B show a di agram of the nenory

lines of FIGURE 1 hn VaRa nBorfts 8Reledistif VitQestiRepratdaodiideNt ; and
(0008] FIGURE 3 sh[gbv\tgll aﬁ%%gt\%vﬁgﬂ%rt ggéoneoenboo?i rrtgfr%t. =g

consuming and as memory is added the amount of initialization time increases.

SUMMARY

[0005] Embodiments provide systems and methods for testing a memory where at
least one bit field at certain address locations cannot be directly accessed comprising populating
a data field within one of the address locations with random data bits, copying certain of the
populated data bits into the non-directly accessible data field, replacing the certain copied known
data field bits with bits resulting from X/ORing the copied data bits with bits read from the non-
directly accessible field, and checking all the data field bits at the address location for

mismatched data bits. In one embodiment, known bits are populated into a data field at one of
1



DETAI LED DESCRI PTI ON [ 0009] FI GURE 1 shows several lines O-N of nmenory,
each with one or nore data fields and one ECC field. Sonme nenory |ines, for
exanple, lines 0 and 3) also contain a tag field, which is shown for
generalization. As wll be detailed hereinafter, when the systemis
initializing the nmenory, sone data bits fromone of the data fields are
copied into the ECC field and, if appropriate, sone data b'&s fS&p1q dat a
field, e.g., a second data field, are copied into the tag PPENy 2099 he ECC
field contg ' AR sof 51 4 b ifa Bl Bal iyl ! O O
may be cop?ggé?%g? égikféﬁ%%l tﬁt§?132-143). The tag freld is sﬁgmn

havi ng 26 Wireotly a¢dassible data figld. sThebils iyhick were sapierbirem fhiedptd fieldpggreplaced githed t o
the tag fi ; .ﬁﬂﬁ dat,fn il Qehiinaii dat a
fields naygt%‘:ﬂﬁ gﬁ%@fﬁﬁ“‘gﬁ%? |1ng(ﬂ{ar?e app{rnl(t)sglr:éazf{og{ trlllg _ erl ow %":Etgs .ssqeor a
parti cul ar fitldgdnd all shealatafield bt asithe adsiness locionsiarecheckaddorgmiamajched dataibis.d, i f
desired. As discussed above, the ECC and tag fields are fields not easily
accessed by testing routines _and usually ca jrectly read. Any ot her
fields in the data |ine cBRIBE Ds'%%ﬂ"aﬂ@é%ﬂ%%&,gwfﬁesi red. [0010] FI GURE
2A shows |ine O during the read operation where the 12 bits fromthe ECC
field are excl usi JeooeR FIGIUIEE 1 siolwa ardpecsantatiye diagrathdf bavel memonydiaesa bl ock 0
and the reﬁuLts émhicQ”%qQ%ulobe all zero's) are read back into block O.
The reason tRIEeG BElE £ TFORREOR| 0R shoul d be zeros is because the bits in
the ECC field are the sane as the bits in block 0, 25253531.1 2 Docket
No.: 200300013-1 HeMLsEIGURER2A aniPeshoy adiagram of thermemary linsg of IGURE ECC at
the previoys.w.i ol j to FIGURE 1. If the bits are
not all ze'}i(ﬁ)ré%gatr&%)nq’gﬁmgé?cgzr*ﬁlﬁlg%d%ﬂtetg@? é‘gﬁgﬁ’g%‘%l ] FIGURE 2B illustrates
that this same operation occurs with respect to the 26 bits fromthe tag

bl ock, if tag bl odR008} FHEIREB showye floy ciaeof e prabadipenbf t he system and

met hod will now be di scussed with respect to flow chart 30, shown in FI GURE
3. Menory initialization begins_| setting the nmenory data
path (1VIDP) block in a node suPﬁqéﬁ3§§§?§€§@&“ﬁike a copy of the data
fields and store theminto the tag and the ECC fields) as discussed above.
In this exanple, t[0GIECEIGURE i shosvsiévetal limes 8iNjofinhamary, gachiwithcone or mgreidatas, so
t he system_.uses S £ 12 bj t A fd 0 @R ) and
puts t hoseﬁﬁ ?qa?%%%?héeelkﬁ%e i"gﬁxﬁﬁwlg'{seg’g%egégeﬁ% (Filnglg’dallg{‘!opr esent), takes
a copy of Zeldpwhish fsishowrcfat genkrabiatiod. A wvillbREetdijed hendinpRerswhendlasyitemds i n t he
tag field. .[.00] 3] Process 302.sef. . } (and
the tag fi éf{’ﬁfq‘zl “Er%%“é°ﬁ¥’)s°‘é‘%8§‘ae§<‘%lé3’§}év“g%ﬁﬁg ?ﬁ%gg‘d{)iﬁ%§°p5u&?ﬁt§§&eé%°g%€%d bits
from dat a fahd;lifthppdpaate] sdme ddta bitsi fonpodatet field, ke, 8 yesowidatasfield argycopied intaghe

t hrough ever SS te (HoTol=1S & 4, and
305 cont ro?agquggétg‘ﬂ ggﬁedmﬁggg{a%é?g%d%%f%ﬁ%leﬁggﬁg Ea?% er‘r%a%ats% gﬁfnafﬁee

addr esses icopiettotiseyECQ\fielp Gitst1 33043). Fhe tag fied isshaynjhaving 36 bity thubthedirst B¢ r andom
pattern stored therein. okl AonS BELtITIR¥ | 1 ne have
a copy of gﬁ% ggpgalfgélg gﬁﬁ%?%ﬁggh%aggg§19¥gs ﬁgbdgsed above. Process
306 reset s combinatibtls efxatafieldsmery be otilized infireviding:dicl approprialemymber of Bits7orer f or ns a
read to the ' I HRld 4ol e FRidirlaSsirBlUAL dikRsdelf® random
pattern an@mﬁgg%%%%kg%?g%gga%“%ﬁﬁa%ﬁ§EF§h wer e gopﬁéh to the ECC (and tag)
fi el ds havebivecthe EEF|and tag fiblis are ficldThat sasily pecegspd y testing prutinesgnd yawally f i el d O
wi |l have Q il y‘Uu{éz? in 2 Hata A &0 Be BiMilaRly RaniRa, i#&&red. O t hat
field. Thegﬁgﬁgﬁﬁﬁﬁgﬂﬁg%gg?{el E??%nmould be the randgn1patt%rn t hat was
originally witten, When(grocess 307,re§ds t he data tielgs tq?b%% shoul d
be detected in t hd0910) s FIGYRE 24 shayysling 0 dprine e repd opsratipn yheré, the; 9% ons
0-25 of fi ehdECC fitlll afeRfcHMiveSOR XYOR) @RE the)origindl 12bitsfrom dubblock 8 anlithect ed,
then the nenory i s clean. Pr

ocess 308 wites, t osite of the random
pattern thdfs%@”hwhisb?%b%ﬂﬁlﬁewgsfﬁ rbé‘f}ﬁ‘ﬂtﬂi’l‘\ﬁﬁﬁt gﬁ%ﬁ@%ﬁ\eéﬁu’%ﬁﬁlﬂ? is the
bi t wi se conpbREBId BY zetdies beaado e PR in @i ECUficldare Besasie as the bitsén blotkso,t 0
flip). Process 309 checks if the |ast address has been reached yet. |If not,
process 310 increnents the address and the | oop through nenory continues.
[0014] After this |oop, process 311 resets the address pointer back to the
starting a dress. Process 312 is part ofpa final |oop through nmenory, this
ti me checking that data equal s 25253531.1 Docket No.: 2003000l 3-1 the
opposite of random pattern and that fields O and 1 are still 0's. Process
313 wites all 0's to the address so that each nenory | ocati on has been
initialized to zero. Processes 314 and 315 | oop through the addresses until
the | ast address is processed. Wien conplete the nmenory will have all zeros
witten to it and every bit has been flipped and tested for stuck faults in
menory. At this point every location in nenory has been tested for a
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Wi th such systens is that the nenory systemreorders all accesses. Thus, if
the software is witten to read address zero, one, two and three, the
menory system can actually do it, for exanple, in the order of three, one)
zero, two. Accordingly, these systenms do not know whi ch address was the
first one that with an error. For exanple, assunme address three |ogged an
ECC error. Addresses zero, one, and two cannot be assuned Dtocqtgg,zg)g%gs_rsi nce
the nenory system accessed address three first. Wth the sysfer’ﬁ and met hod

di scussed BPQANR it Wikahese bityMktaverChdrad in heHTRTH hePrsvibubivtitd] &Y diRakEd widdr ess and
knows exactly what the first address is that has an error. This operation

i s carned &spechip RIGERE 1o dEbe bifsaregot all paros,hendf fopis detgad] An al ternate
system whi ch appears to reduce the nunber of passes through nenory for
testing purposes, [bett1] WRIGUREZB illuktratesaife thissire dptdtiof vt withtrespecttoxthew i t e a
random pattern to all mﬂri inthe first pass. In the second pass, the
syst em r ead8 bisfEam thetag hlockjif fag blogk is pigsentyyr i t t en and then writes the
opposite data, thereby, flipping every bit that was previously witten. On
the third pass, te012ysThéwpeesioksofithedystet@and methgbwlillmotwde discuseddadthsespbase

bits and then wit er os. rqQbl em wi.t uch a systemi,s.that it does
ot have 5Bk Shate D, G0 EICDRED. Mokl callzahpf Geeths SOEH 101 thdetiog | 10
data bits tHeenenmsyidqs pain(MBP) thark it simode(3BcHthitdt veitl dake micopy of the detatficlis atgd t S)

and t hus woul ' ' bj t -gmgge . ﬁ?f@éﬁ r, such
may not be f rr?gh%ly{ngoar@ |E %%%Jsglﬁggbgi Gc ’%gdéé}giegrqhﬁ%%ntﬁo@s I'rec ﬁ];? o |e¥(§lst he
ECC bits, mhdbits anethe thg Held is bits, sethd systeasusess specifiedHdbés ofsdatadromsSeid Gnce t hat
t he ECC (or t bi .t Le cor Eqr S it 1S
necessary %Iba g%)é? %‘letsrf?l?s%(%’%s {ngo ‘F?eéé?é“’@&sgm %ﬁ&gﬁgg%vﬁ%%g&ﬁo eérr%écﬂp {ied
and t hen chf2stsSiomedats fidddb(RIGURE i1 hartdipets das@bison tha tag ficklose cor r espondi ng
ECC (or tag) bits would get flipped. [0019] Another problemw th the just
described sol ut1 oflodys) ¢ BRkest B seHSh B oqequkﬁgxtﬁééﬁaﬁ%au(a&&ﬁw) there

is not a good netho r determ ni hg ere t error was. A sinple exanple

of such a presisband exclusiyaOR these bits witlhihe aopird:bits fom datp felds § andle A thisoints i n

t he actual i 1 aﬁ%:bid i Qﬁ&gi he

data bits. ﬂ%ﬁ%&n?ggfag%ﬁ? igg%%%%oun ed %ssﬁﬁﬁgﬁﬁgggﬁﬁn duirallg?léé&t9 Egiwri te

cycle. Bccd®dks en£1ﬂ§wosty@ therspplication of  ranflemly gensratedpaiern foAl 83§ Bipot

errors, which i raf 4 : [~ @ @Rl o7} dto
28’] ’A@H@f‘s%, al ﬂlgﬁlgxg&y%o%&?ﬁ{wfe he rad ingyrag&ﬁ §fed ttitkdm. "iHe

pi npoint. [0 scusse ove, one o ovenments of the instant
syst em andE@Etahdtheitag ficldstof each mgmdorling hang asprical dhe datadity fromifields Dynd b agvery

ddr eas had s 3Bl Proshes 36 ek, B0 RER e of 16 sk adkBE n P Y B\ o
i s cl ai medpérformaa read holie aridresepaintergind checkadhay theidata és equal tethe randore pastem nd | qd
(ECC,  TAG) gt m& RLIbSH h ISP Rert 9%%:139?@ g]?:g’t%}%%é/i;fie@mk {xﬁ@‘blzéﬁ r@ﬁi%?& ﬁfﬁ"a. sal

met hod conpri si n%. popul ating a da i n one sal
addr ess | odhus; hasirspl 2 bitsafdata freld Qtvwdll bave 9 s(tead. regarsiess ofgvhatrapdannpatterngyss d

popul ated dafa tmtrﬁéxg! threftflinth gggaggidﬁm%md BEME Panlidth Parflad &tf&aﬁbﬁﬁ%@l,

303); replacing said certain nown data field bits wt )

resul ting Prgen. XViom mepeasci0d readpine datgifields, be Oxshapld e Betectediin the first d2databit
non- di r ect hysine BRd ifdats it Rbitlods305 of F14)2; if&%@it&h@ﬁx‘ébéﬁs. orkilis faite data field
bits at sald address | ocation for msnmatched data bits (307). The nethod of
claim 1 fufetertsd: Biemibememegy is glean, Faocess 388 wrilep the opposisg of thafardempgttern gt
repeating §ad Writ@lRidkiag the grevio@PWHil Gperfithdil(Bislid e Eiﬂﬁsé_ﬂ%ﬁ?i&d%ﬁt oftRRandomher ei n
wi thin said populating sfep. each hit that s.originall]y a "1' beconmes a

0" and eaP#eB} Yhifhcausesal thebits o flip) Brocess 309 check e lagt adgresy hgs byen reached

yet. If not, process 310 increments the address and the loop through memory continues.

-

<

[0014] After this loop, process 311 resets the address pointer back to the starting
address. Process 312 is part of a final loop through memory, this time checking that data equals

25253531.1



3. The method of claim further conprising: at the conpletion of said
checking step, repeating said popul ating, copying replacing steps for each
address | ocation, one at a tinme. 4. The method of claim3 further
conprising: at t he conpl etion of said |ast nentioned step, repeating said
popul ati ng, copying, replacing and checking steps for each address

| ocati on, mhereln within said populating step each bit th S aIIy
a *1' becones a '0' and each bit that was originally a qu 5e °:£&&a£p

I(308) . The teppeite of randoai lsmérnfaudl m&gﬂglcﬁormll | &Rl 03t Pb@&% 9%@%&1@;5 faf Sa' d
ast-nent | ste set Qddr ess O(}atl ons to ' or ei gn
d ai s 2528‘7@3@"’?5 “%5\5389]‘?&3“0“ hap beep dnttalized tg zerp. Rrocesses 31band 315

initializi mgpauamnwadd&asedmtmw 4IBFERY ik ProbddsedsS WHeh BEm@MBte tHeintenfdly %Al | ON
node with resp ﬁct to .said. nenpory 301} reading data bits into said nenory

at a parti 8eaH zeggraten tp Yagd F‘(fFV Ritfips peen flipped and testaditar stuck faults inmemary bi t s
into at | easthisqoft égfrocitioﬁ Ilrdmaho@ﬂwbeaﬂd&&ﬁﬁrimtdt SR ahBBdo ha§9€bh
e

conparing said copi bits in said field with said certain bits and

repl aci ng Witializeddp alh zerogpiNate hatithe systers and methedqoyld deshiha memory g by Yine, and
readi ng dai@culielor EduRiosBihd eRBiERsTy k&gaalb&rmakmﬁﬂb&t foh Bffdsh Bgla?gr\égf y bit at

sai d address |ocation (307). 7. The nethod of claim®6 further rising:
readi ng t hROTHORS @t Qe ti#e- sai d data bits into said nemory at said address
| ocation (308); copying certain of said data bits into at |east one field

of said address | qaoasj 0111&: ﬁrﬁDﬂhaseaﬁﬁ))’eﬁlsﬁlﬁﬂﬂfehfl@tw&eﬁ&maeq)emﬁbﬁ in said
field with sai,d certali I ts andrﬁgﬁﬁg%(sal in . bits with bits from
sai d conpa?ﬁcgrgwg(t%‘i‘?)em | 'H’CP & Y dntp | poderforeratiqnga  on,
t her eby chmkdsﬂgléewﬁfcynhmts ik I)aka‘ cd;taiddénﬁs& lvmelat:duﬂd% 11(t81(2())Rth‘6t£§353iadd ECCt est
systemin I,.ch at ne bit TAG) at certain address
| ocati ons ﬁgij%‘?"rfe%d& S-E‘?@P%rﬁ/al?f’é?’ﬂﬁgﬁc‘ﬁ éﬂnc‘gc‘t' %{E’g‘é’é"’é@; rgaliyaad o m
conpri si ngstoras the EGEtand B bitaisdt fdrahlt) WIAAT Ahe atemﬁfyeis fitiatisdddind hkdeRI§ %o di@E AL | ONS
havi ng vvit@.it k(PPW” .

eing used for executing normal code.

{0016] One implementation to support these modes of operation is by using
programmable control status register (CSR) settings. The CSRs are set to take certain bits and
pass them to MUX (not shown) to choose whether those bits should also be stored in the ECC or
tag fields. The MUX would take as its control signal the CSR value for the mode bit and choose
whether to store the normal generated ECC or the copy of data 0, as discussed, with respect to
FIGURE 1. There is a separate CSR control bit that acts as a MUX select for the tag fields. In
order to control the read from memory, a mode bit is used to select whether it is to store zeros (in

anticipation the X/OR operation code to be used for matching purposes.

[0017] The result of the system and method just discussed is a memory
initialization algorithm used to pattern test all memory with only three loops. Using this
arrangement, it is possible to check stuck faults for every single bit location in memory. The
system and method discussed above causes the direct checking for errors as it moves through all
the addresses, so it knows whenever a field is non-zero or that the pattern does not match the
pattern that was written. This is in contrast to systems where the software writes patterns but
does not actually check the data. In some systems, there may only be a check that the chip set
did not log any ECC errors. In these systems, the ECC mode remains on during initialization.
The hardware will log an ECC error and the specific address that had the error. The problem

252535311
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popul ated data bits; copying circuitry for copying certain of said known
data bits into at |east one of said non-directly accessible data fields
(301, 303); bit conparison circuitry for replacing said certain copied
known data field bits with bits resulting from conparing copi ed ones of
said data bits with bits read fromsaid non-directly accessible field (302,
307); and checking circuitry for conparing all data field Rikgo.2d0eM-C0
address | ocation agai nst data bits expected to be at said address | ocation
(307). 9. WA sshsheemoib tat dé MeBomi3gstan foflers Al attessés. Thug ifikd seoftvirelidd bi t s

i nclude: bits which should be "0" ar dl ess of ether S mere
popul at ed ¥Eittgn togead ddrgss.zgro, °q909"8|a§‘513’?ﬂ ‘gﬁﬁ'exﬁ?}?@ yddl'_‘gt%et No.
200300013~ Ixahiple, i the sidert oFthrer ond, ﬁrdnt\So WAt brdinglys thisd spstemmnmmowmm rouitr y

includes: an XIOR ¢circuit. F
/N N/ N/ REgressvesph ficgepn l efhat 2\61 zgx,erreBa}-logEx 5 eQnguBn?e‘a]der%uee logged an ECC

ysnhc] XS] cghrea Udarbeakdrs ahe ahd saldantbeabinmalcrd dooathaabonthaskmahcal cal ca
] caU] cal] ca] caL{{ cal cal c%aﬂ,tg&} ca%a%a@ d,. k
OVXp{ FQU c@epesse "‘Qé“.%?/?‘Fﬁe SWith Mesayten mpensthod discusedabp e fhe sefeans el caj ca
Ul ca] cal] cglerd dasiabic foF etbhadtss ajdiaiolve aaciy] windtfhe dikst addeeas fsaivsk B an error.
a$&&* ) *+* . *F*-d- 111334mi44444425555@L66QY. 775 “%}é ni d_ZU] ] ca] ca] ca] ca] ca] ca]
ca] ca] ca] cAhisaperajands E"é‘]“’é’aﬂ‘ﬂ] Dahe prpeessosAt l]b(?‘“ot‘f tf‘?ca] ca] ca] cal] ca] caU] cal] ca
]caU]ca]cal5888919A92

1 8; W, ; <\<j <<<ME] ={0018}>A% A& GHABIAEEeppras 1T ictiuce tieajuntbu pesssarbust ca] cal
cal ca] cal CBlorah Bl Gl phoBls B ahiaRloaahy ales b al faliclvik & Rhosth ol cal ca!

SBBBBC] Cn
, <N<j <<<MFpaenttdat nietbry’in Ge@aupads]} ksthe steafid|pass] thejystenoredds hiaka]ldlze date]tha | ca] ca

| cal cal cal il Sahsclstlsahialrkaake he Heal mhinl Sahorlhalanheabay) cacrs
109%Z&" () - f 94 8O the tHifAYEsS, lh) systefdas b)ck?nhclﬂlﬂﬁ&'b(té anditkecks those bits and then
dE*y10%& '%egzzags.(’}'ﬁe QJ(Z gtl)l suc1I1 %gys Qha? it &oeg/gégf h@e an%aoy%%réc}ly acces (@&I 0O-9

ECC locations. By flipping all the data bits the assumption is that the ECC bits are error

correction bits, and thus would automatically flip when the data bits changed. However, such

may not be the situation. Since such a system cannot directly modify the ECC bits, nor, can it

actually read these bits, there is no assurance that the ECC (or the tag) bits are correct. For

absolute assurance, it is necessary to add another loop to figure out which bits were not modified

and then change some of the bits in the data so that those corresponding ECC (or tag) bits would

get flipped.

[0019] Another problem with the just described solution is that upon detection of a
miscompare (an error) there is not a good method for determining where that error was. A
simple example of such a problem is that the system cannot determine if the error is in the actual
data bit, or in the ECC bits which change depending upon the data bits. The problem is
compounded by memory reordering during the write cycle. Because such systems rely on the
error detection chip to spot errors, which, in turn, relies on a proper ECC code, errors are hard to

pinpoint.

[0020] As discussed above, one of the improvements of the instant system and
method is that the underlying process has visibility to every address, so as soon as it gets a
miscompare, then it knows exactly which address has a problem.
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1. A method of testing a memory where at least one bit field (ECC, TAG) at certain
address locations cannot be directly accessed, said method comprising:

populating a data field (DATA) within one of said address locations with random data
bits (303);

copying certain of said populated data bits into said non-directly accessible data field
(301, 303),

replacing said certain copied known data field bits with bits resulting from X/ORing said
copied data bits with bits read from said non-directly accessible field (302, 307); and

checking all said data field bits at said address location for mismatched data bits (307).

2. The method of claim 1 further comprising:
at the completion of said checking step, repeating said populating, copying, replacing
and checking steps, wherein within said populating step each bit that was originally a ‘1’

becomes a ‘0’ and each bit that was originally a ‘0’ becomes a ‘1’ (308).

3. The method of claim! further comprising:
at the completion of said checking step, repeating said populating, copying replacing

steps for each address location, one at a time.

4. The method of claim 3 further comprising:

at the completion of said last mentioned step, repeating said populating, copying,
replacing and checking steps for each address location, wherein within said populating step
each bit that was originally a ‘1’ becomes a ‘0’ and each bit that was originally a ‘0’ becomes a

‘17 (308).

5. The method of claim 4 further comprising:

at the completion of said last-mentioned steps setting all address locations to ‘0° (303).
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6. A method for initializing a memory, said method comprising:

setting an initialization mode with respect to said memory (301), reading data bits into
said memory at a particular address location (303);

copying certain of said data bits into at least one other field at said address locations
(301, 303);

comparing said copied bits in said field with said certain bits and replacing said certain
bits with bits from said comparison (307); and

reading data bits from said address location, thereby checking every bit at said address
location (307).

7. The method of claim 6 further comprising:

reading the inverse of said data bits into said memory at said address location (308);

copying certain of said data bits into at least one field of said address locations (301,
308);

comparing said copied bits in said field with said certain bits and replacing said certain
bits with bits from said comparison (312); and

reading data bits from said address location, thereby checking every bit at said address
location (312).

8. A memory test system in which at least one bit field (ECC, TAG) at certain
address locations within said memory cannot be directly accessed, said system comprising:

at least one data field (DATA) at one of said address locations having with it known
populated data bits;

copying circuitry for copying certain of said known data bits into at least one of said
non-directly accessible data fields (301, 303);

bit comparison circuitry for replacing said certain copied known data field bits with bits
resulting from comparing copied ones of said data bits with bits read from said non-directly
accessible field (302, 307); and

checking circuitry for comparing all data field bits at said address location against data

bits expected to be at said address location (307).

9. The system of claim 8 wherein certain of said data field bits include:
bits which should be “0”, regardless of whether said bits were populated as a “0” or a
“1”.
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