; QRe3eQVN<L6" Tv3519 April 2002 A SYSTEM FOR PRODUCI NG AND TESTI NG SI WM
MEMORY MODULES BY UTI LI ZI NG ARAM MEMORY CHI PS SPECI FI CATI ON Thi s invention
broadly relates to ARAM nenories and nore particularly it concerns a system
for utilizing such menories in any applications the specifi d&@APShA0Q% which
woul d require i tter performances. Still nore particul arly,

this inventi onnmmm!«‘"mmmwumﬁsyst em for acconodating the failures of ARAM
menories at least tQ such an extent as to enable themto be utilized in

appl i cati ons havi ng 1¥8f% severe requi renents, such as for instance the
realization of SI MM nodul es for conputers and |ike. Audi o DRAM nenori es)
so-cal |l ed ARAV\NMU\“MH\M@Lare dynam ¢ DRAM nenories, having a certain
failure rate) ave failing bit locations in irregular or random
positions. ARAM mewowi2es are utilized 1n audio application, such as

t el ephone transponders or answering machines) since their failure rate is
such that a voice nessage stored therein can be pl %\Zd back wi t hout

noti ceabl e def ect?sSYPREMi AR FRAMLCINGE ANPHERSTING SIMMMEM@RY o acconpdat e
any mssing informti I ARARAMEMOEPEH|PS er pol ati on

mechani sns. 19 Aprilﬁag%gsmgug?wﬁlése menories in these applications,
therefore, raises no problem unless certain failure rate limts are

overcone. For instance, they could not be anyway utilized, should sonme rows
or sonme columms be conpletely failﬁE@l_EM@fé_N not even the human ear could
accompdat e such rel ?H%”fnd#ﬁf&n%réé’t?l?rH@étb@”tob%ﬁuﬂﬂwmé}ﬁbﬂas Und more

i nterpol ati on nechani sns. e specifrcations_of these nmenories, therefore,
not only ai RRBICUBINAL CORCAENS aresyisten fer Iuliigingatsuchi mMemopas imenYal so

i ntroduce tagplicAidnseenipddifitatidis bRWHIEE wlld YbguRBYrBindtiRs CBEREr I N
random posi tlgns. In addition to these requirenents) even if 99% of the
nenory | ocaPPBRLNaREeSHroperly operating, such ARAM nenories coul d not be

eggl oyed in cormu]E esltiqiommetp@mma&wﬂwﬁrﬁltihg@ﬂiomw@fws:tﬁb@ afts dtetrhdbr t he
addresses o , ifLs are.r i sper in y
array. In o%ﬁgé'%\%gﬁhgé qﬁﬁgﬁ”we@oﬂbéﬁ]’?@rfaﬁ% ﬁéﬁ%ﬁ%ntpss%%éﬁdgﬁgg,{ it is
concei vabl easotch@inlathleighenc dor bet itilizesly $t eapplicationse baviny Maoid isegebé t) by
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nmenori es cafoRwUielseandike. by considering the nenory and consequently the
scanni ng procedure (ﬁudigemwyﬁénk&iés,b'ﬁto- é‘Lédf]gAm’Fe rﬁ@h{cﬁ@s‘?da‘i’é{, t he

same techni ques as for. transm ssive, channels. But, ein transHl ssive
channel s) wéYRajie SnMenemenas having acartain fatiuiengte; Ragabpthey have

appl i c?_ti |0n$ailihb€bit5tdciaﬂ§néq?]hﬁe Qll;ﬁi&'t%d’ag@déﬁ ptbﬁiﬂcﬂisﬂl&ﬂAde\?émt oﬂ?é lee than
sequenti al . r code shoul. e studie r : cape
it or miaRA: . S0 aPPlcaiiiy SIS cas | SleRHoRS: (PARRTHSE, E
concer ned namsweringhmachires)reifdeetheif failybiratbid stugh thatiRAbiceemassaget o~
conputers i Y (1 A . anal ysj,S~0f the
failure pat t% (taé%sdb g}&ghcﬁmp'a?se%e @f%@%mmé]lﬁtﬁgﬁéaqq%%fg%bﬂ?gﬁa}éfdan
exenpl ary pdpelfact dhabft iRaapabietoesccamopaie @b gissing douvationi byl enent
a_code word hgaAalct ifbhRatiafd IReHISIANGR Mbifnishs, detal ledly anal ysed, it
is possible to define circulrtry adapted to correct any error containing
data. By utilizing the probability theory, the probability to have a fully
good word, or a word affected by a single error or by dual errors or by

nore than two errors is anal ysed. After having anal ysed the error
probabilities, mathematical and




19 Apr.il 2002 3 cost evaluations are considered: in fact, if) on one hand)
the solution of the problemis always nmathematically possible, the invol ved
costs could nmake such a sol ution unadvi sable. Mre specificqé#%w @ﬂﬁ5
failure rate categories for each code word in a nenory bank K I 1 ows
A - a failure rate involving a single bit in a code word; B - a failure
rate involving nultiple bits in a code word, each bit comng froma
different nenory chip; C- a failure rate i2wol vi ng nultlple bits in a code

word, occurring i n B8l diahEsdRIBIBR I thsa WBalBAL] HRRctord IEibESC

solution of the p emisr tlon 'exanpl es are
avai l abl e ifP pr@blem,eﬂ*s\e&ﬁ éertammwe rate ||lmﬂi§vﬁfes@\(@!90m¢s Fedi iRstanggpr oach

the probl engig c‘%ﬁdl@ﬂ%? bb%gfmiryeatmiéd ¥shluld som @v@ﬁoﬂ%@a"e\’ccﬁuﬁﬁﬁgﬁe ed to

Furt her nore Su tlon ens cert al ar e ot a
be. UL 11 7oA PIadaly dBUoa b At A0t SNen thPJMITAAS et (ould eeampaaia sushe pr i or

art soluti OnMemm Ia@k @fUinE@hh@udmroyuwé radiohoor Iln‘tei:‘pwhdu()@lmgbleadu@n'isl ne
Menory Mod

f t t he, br oad
obj ect of tHie eaetieatans oof M, dmemstsbpinelloidnaiota Oy nBiM 2 Bhg. ¢ o
redundancy estabéshihgr aemaarmwmr fabxreoratelﬂl@hltptbmoﬂrm atsth dntrodudantae gg t he
costs conn t p I n t
‘Circuit (Aéieg%gr ﬁ@%@ne f’%‘f&?ﬁ? %&ﬁﬂguﬁ@ Wa vt\)n%?ﬂ{lﬂr:létteﬁe 'Eoﬁaggoﬁ)trrlﬁd SI MM

nMenory noduPesitipaser corrpl eX| ty environnent. By recal ling the above

illustrated fail urelrs:a?ag%w icﬁﬂweéé‘fetcirﬁlﬁemgﬁt%' evehUt igel, I 6F th@ M8AIryan

error correctign code In other wordQis, to

est abl i sh a'oﬁﬁf'f’f’ss@r@g@r%@@f&écﬁﬂ@aﬂﬂﬁr épﬁﬁggglﬁ\@r@%fwc@“&dﬁe € each
st age reducgmptlckg@d # bumepult@t @orbyemmeal%w @atuéﬁ@r@@yt@nﬁblfae@tﬁdmhe
subsequent st rqcedure.i s, car |ed Qut :
since fail u?gg etsy?) a[‘:afﬁﬁ'é‘gngﬁsv%ﬁeyr&f’}cg%ﬂ& ISPEFRE WL JAR NN e
mllions)) atrays conceivable to inpl errent a small associati ve rrermry Wi t hin
the test procedure) thndtiohe ity To8Hc e AuB EERRR ABRM SF¥hpborsa |
failing | ocagngigered, itlis cgnaeivatdezo build up a correction system to correct any
failing bit, by means of a correction system assimilable to a transmissive
channel: that is a channel in a certain manner affected by noise. The
problem of all failing memories can be coped with by considering'the
memory and consequently the scanning procedure of the membry like a
bit string to be corrected by the same techniques as for transmissive
channels.

But, while in transmissive channels, we may consider a mainly
sequential string, in computer applications, the string to be considered is
certainly random, rather than sequential. An error code should be studied,
therefore, adapted to cope with information that can be randomly stored in
and retrieved from the concerned memory.

When the problem of applicability of ARAM memories to
computers is to be solved, it is necessary to start from an analysis of the
failure patterns of such memories.

Only when the failure topology of an exemplary population of
ARAM memories, combined together so as to implement a code word (8
data bits and 4 redundance bits), is detailedly analysed, it is possible to
define a circuitry adapted to correct any error containing data. By utilizing
the probability theory, the probability to have a fully good word, or a word
affected by a single error or by dual errors or by more than two errors is
analysed. After having analysed the error probabilities, mathematical and




4 - failures of type B are coped with by converting any condition wherein m
errors occur in one word into a condition wherein mwords are found each
including a single error; as it will be seen, a special ci rﬁjél&{réobg to be
i.mpl enented within the ASIC and a special |ayout of the Pri ui
Board (PCB) is to be designed in order to have each nmenory chip connect ed
to a dedi cated address bus; - at this point, all failures of type A are
definitely forned by single failing bits, wRi ch can be corrected by

appl yi ng amcﬁtf@falmidrfslhr@@oﬁgﬁﬁréﬁcﬂ fenft [fobrebne tiavel tthe sdlutiorPef such
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i nst ance, tmkewmhlaesomn@nqmédwmblepget h_er even i f each pf them is
oo Sog Vb SoEBUIT B Buuid 6 RBRVAS B S L, 1
error rate insa eveynaly satk Breaad folkewsr rors are conpletely random t he basic
i dea of this invent Aorh %ildr@ rﬁfem?\ﬁn%%esiﬁg%rlﬁfﬁ?ﬁ cro%%t\ﬁgr({'o one of the

two nenories. Under the he |i near
mat hemat i cal t r ansf BrnafaibHerrgir invelvieg muliplaibite 43 aaﬁQQae wordreadt bithe t wo

menori es W gdmirRrRest a ldifd Id be understood, in a conpletely
congr uent an%mtgbﬁm@ oc?ﬁ n:%ﬂtﬁ{é?ﬁégﬁ(?ﬂ t no aqdres W th t Wo coi nciqglj‘gnt

failing bits can beCf sufdfalkye; fatg [nvalunge SHultiplee Dit§sin cdn eWPrhay to
per f orm t hi gcaddngdn @ging@ ,fyuﬂq |on provi des for adding a constant to

t he concerned addresgs he r suI ereof |s elimpate a daubl e
error conditions, %@ 89 Fe §i ﬁbqaéJ eﬁoﬁ@forb dﬂ'ﬁ cmgi.)’eﬁ?)r'tsher
details andraiheasma@lesartd several solmimhl examplleb dre avdildble inf thertitefatufeal |1 owi ng
specification by re erred
enbodi nent is shomi-gWém taﬁ ﬁr‘fﬁ%\(ﬁ{eﬂ |on am%wsﬁ%a FS'J@ e‘?{\ﬁh on.

t he dr awi ngeah&neg the Iebmww ohiargecsize saemosy @vseny Wﬂb@r@n@r%@@ml ng to

this i ”Ve“tS@lﬂtloH@%rré'ékp@hsNE ﬁﬁ@%brt%‘ﬂﬂy%?é r@ﬂ%rdagm'té beahh&eaolanbwd to
cooperat e Vrmyﬁﬁt)é} Qeﬁth? menory chip as as an ASI C nodul e for inplenenting

t he above &IQASt i ons are used Figure 2 shows the details of the
ASI C nodul e of Fi guFgorh, a speciier wle\m@@nﬁ theywrior3 asth eoiutionsopelt mot t est

shows the oRuLioiEg (2 Neh TR ENARERiRR Indthe Rictiag, MAtERSRpallr G n
]EO F![g 3; R’)rglmpf Bes B appiicatiGnsti ?gram of the address scqmbling

ion, as perfor
elrjrtr;gdl ment of IOt he i Etegr Habcy?g%q gbgé«‘& bP&IS&hQ&:ﬁ]ﬁorgttégﬂqﬁr@ed?é?E Fal ni ng
the above aftMey dlemeinimizing dorredurdancyafge edt e ebitefAURC Bfedul e i s
desi gned foputpticyst aatng frivhinmize bbs@b@ﬁnematwnulmahufaaﬁ@mﬁ@ham to

Solecis o chRpEtonsRRgRe Qnﬁqqqafd Gyttt RSB "BeioRe, hbartoi SRihes a

each accessfunctiomewitieintthg. cofivernag SN neemons maduléie consi dered menory

hi ps. = 1 Mx 55 byl s feg! BRlBER s o adtsk aff sHOr bOLERUBHT S ERCL |

x 16 chi ps, amultitsteige typeber,ubiather words Moxestablisih psmultitstager proceudre:

chips, - 4Muhetelty 4t hBeeihiBloW diddusstdC Yo stage reduces the failure rate
by one degree, thereby enabling the subsequent stage to operate in a
lower complexity environment.

By recalling the above illustrated fallure cathegories, the
following procedure is carried out:

- since failures of type C are not very frequent (one out several
hundred millions), it is conceivable to implement a small associative
memory within the ASIC in order to store/retrieve both the address (as
identified during the test procedure) and the data (as generated during
operation) of all failing locations;




Two solutions are enployed to correct the failing data or nmenory | ocations:
- afirst solution is based upon the Hamm ng code, adapted to correct a
single failing bit in a string of twelve bits (8 data bits and 4 parity
bits); - a second solutution selects, for each row address, 19 ApgE2002i ps
having fully operative rows for this specific address, so as to supply the
Host CPU with error free data words: no error correction or parity bit
generation is furnished. The two above nment4 oned procedures have sone

inherent limtationsg:: } C I S I ra: than one
failing bit per byt-zf;a”yr%%gf We t?ng(g‘%%é/%ﬂsl‘nggaqgolnkelgpwgbﬁids%dg}ér%r free
data when avhergimgt prions pscuaineonaiwerdgntoacandition wherein swwvatdy 8ss. 19
April 2002 fgggg%aéﬁ' i&ﬁhi@htsi@g%rﬁ&‘?%‘%‘qt Qill bBisedm) wese Al fcsmw t wo

parti cul ar anl?ms to erc ese limtations: - 'scra Ing the row

addr esses it B9 d@wierenieshufithin the APl @anthacspesial layputot the Brinte@ at the

tsame rowt aot;:lim_ﬁg Bohh? Ped)is s berd hé?gn %tréérd t hee Idaeh mtétndry chiip | 1 i ng
wo constants identified duri e test procedure; - inserting an

associ at i vecqj?é\‘?&??fg F%&d%di%{eﬁ%@}eﬁ% gb'?t in order to materially replace

aRy failing rrerrlory <at Ithisnpdim¢, alirfajlurééhen type At GBlhitell dotmedniey 012

t hese nenor C it i 1 e . or

retrievi ng)%a @r#ﬁlﬁgﬁ?’ﬁhﬁg %éﬁﬁtel ?&%#Sgt&q}gg%%é %hsé@@ Pﬁ}ggég@gm ative

menory. Thec EG6ae wof morimal peniventienalolypdelsagh rap tdidnaiacessa compast menor y

array in orgshiifi qeul ate the parity bits for each byte; if it is desired

to mnimze this 8?@, the initial wite cycles of these nenory cells are
converted by sai d ASfearseurt thig poid) & ighwnunabepef deilives bytes stllundancy

m)dfeg t he dedrfaifr @uéleléilﬁ?éte_(ﬂaclf:tr W&t@?wﬁ@n?ﬁbp i_ﬁBt%Md%”Md rint@_rrﬂfrfé?{] atrg .
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L our 3yt es fefilucd rat, dt tseomedningliudig Iik@ﬂy)tlaatsi%pdmywrg@lmpgtthlmlw Ebgéthels hgu! d

e under st 094, Ig,ns ; r_out of six bytes w e napped In

error free @%ﬁ@%@éﬂ'@@“%ﬂ%@&?% on froman initial wite cycle to

a del ayed wite cycBinaeakbs prracerate iheamaamndsmall andethasemetd .are

t =urt her nor k 1 e rai ter } isgpal it
E?mfbﬁettgé/t Y&r{dotrﬁ,e t%ﬁﬁs‘f@ﬁ?‘%ﬁ’ &' i |ﬁventf’orfﬁ’f’ﬁga%céémﬁié tAgal Ity

is provided In er exclusion o Cl rci,w try as

wel | as foraﬁi@mspﬁypﬁ dawyonaiqfitﬁg twenbenarinsatdnggy: theperagaragling

scranbl i ng epreéGHiBoRIAG, tRE [REIQChatHeRaliGdTorandfoeAktiONSuAtBos Wittakl ¥
pr ogr amred 88“ n% t he ure | oc$t| on nmap

test proce based upon the failin

b *Sorcal | cHUftaRe draa Sfaghe B U5E N dhembaeS i Betnnt 1B theronasoyd's
concer ned) bbamddaistopdoirea camhplstelyncdngdrueat aatd bhionivieeaCovaningr so ithvak
Regi ster, t ol I fe J ] h wite cycle four
parity bi tsnlsr?%gje?lgﬁé Wet,eﬂ é%‘ﬁ%[%\/ewég%@ﬁéﬁ%g&%sgéq%?@&dat a string and
ignoring any parityAsi it Wilk besaeénbihe maostosencmmienniwaade perderm dais cycl e,
the data ar t kA i ifeal | idisqand tesn parity
bit is fur niggﬁgjsrsg%ﬁrgwl—%gt fd&%!dﬁgc@ggg%téo fgys#%lrg, % tc"tg?'?’hém \%rgiei S
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can be utilize e e ry array i ene i,on_does not enahl e
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by way of limitation.

In the drawings:
Figure 1 shows the architecture of a SIMM module according to

this invention, wherein an internal address bus, specifically adapted to

cooperate with each memory chip as well as an ASIC module for

implementing the above mentioned functions are used;

Figure 2 shows the details of the ASIC module of Figure 1;




In read node the above discussed ASIC circuit utilizes an onchip SRAM
menory (5 bit x 512) to select the four good bytes out of the six avail able
ones, while, in wite node, said SRAM nenory is utilized to reconvert the
four data bytes into four good nenory bytes out of the six A9Aprib¥02 ones.
When it is desired to convert an ARAM nenory into a val uabl e DRAM nenory,
it is necessary to locate all failing locations (mapping test) and this
specific test operation is to be carried ofit in factory, in order to

identify the row a%&m%@@@ B6mp ARt t% sffin Bt ltedtingthe tSINAR

addresses to stored.in ocat | ns o associ ative nenory in order
to make th@"9£ﬁ%$§‘0‘é?r &%Sﬂ\@@'oﬂperatl ve Upon being generated, this

information is to ng%ﬁow% e @tads Hlthe RSP hfdduigs WEIBSY irf 8T i si ng
an EEPROM ne ening the test time, it is possible to

utilize a ?BHEH%?'&A%‘@@r&é‘@hﬁ?i dgebdl fferent fromthe one utilized within the
SI MM nodul e. By utiFiguien§ showst acbluckudiagram ®f pihes iaddesss stanbliegent any

error sign he failure rate is in the specified
range and ?lhnegt{o& 32?%@@0%%&%&“8@ neans of the ECC code at SIMM
l evel ; - to interrdpguteht stRwdy differant e basimept o rthen intertane A&ICout onl y

when the ceftegitned errors involve nul t| pl e chips and an address scranbling

procedure is to be carried out; - to prevent any error signal from being
gener at ed when mul tAigiRg eﬂ*rdﬂ@"eﬁ‘t’o@&@aﬁ“ﬁg g cakavNe, agd bY JptTingctoaddr ess,

t her eby aumgm*elscalalrw Qesms @bﬁ@eﬁrfé@i Astdzlrn@datédrseééa ﬁédlfbr fRerfagingpser ved
in Flgure essor W%fcture is ad ei.n the conputer

tests, in 2%' 'QQI@quD CHBRw pé @CEPFADG 19 sﬁﬁﬁ\ﬁ?hﬁﬁilﬂ”@ 8hile the
ASI C modul engutteddesnl 72tmne$lvMMnhedUmseSrttthSGB’Unodulehseleotsea camseldV buses,

Chelr corr ditrcdca SMdla o 815098 10 laRe KB FEadPhinnd RAH "

conpri ses themPi¥.l owi ng steps: - a parametric test to |dent|fy t he short

cirouit or open ci rau linfiidbhitihs BPUfio%bolaBRA! HiehBHPImaibed! onl | test
Sites to access to HE}MD ks not accessi throug e connect or plns - a

mappi ng pr GEERS ' @S fIPWE duat e t he assenbly of the constants and of the
addresses of the as.sqql)aggvlgymg twele WM sh4t 8igipS! MM nodul e is made

modul e 5t a conveni ol X3¢ éﬁysumre?. Shd Ry oo oot of Lhe v
menori es are not con@Met 32ybyelstr@$lx - dMuwd 16 ckipapal ysis of all those
S\ modul s that do! Mot Cavey st . "o P R BB ALY Sy mmari i ng ¢ he
hardware aspects of this inventionfour Sl ¥M xduekiPBas been heretofore
descri bed incl udi ng_m L2 @ QHbQV\/éﬁfé g xaf ERipar oadly conprise: - neans
fjo carfy oul an e Is]:) u |otr\|s,o are ugr%t loysd to correc{ he falt{n éat%n olrECC
ecodi fication funct¥8n| y
memory locations:
- a first-solution is based upon the Hamming code, adapted to
correct a single failing bit in a string of twelve bits (8 data bits and 4 parity
bits);
- a second solutution selects, for each row address, those
chips having fully operative rows for this specific address, so as to supply
the Host CPU with error free data words: no error correction or parity bit
generation is furnished.
The two above mentioned procedures have some inherent
limitations:
- the Hamming code is unable to handle more than one failing
bit per byte;
- the row redundancy is unable to furnish error free data when
all memory chips have failing rows at the same row address.




- nmeans to carry out a parity generation function, ' - means to carry out
an address scranbling function, - nmeans for indicating an abnormality
condition, - means to carry out a scranbling function on external strobe

signals so as to inplenment a correct timng sequence (read ¥hApwr2008) with
inclusion of all dalays due to said scranbling and

codi fication/decodification operations, - nmeans for reading/witing a data
not-volatile menory (internal nmenory in th® ASIC inpl enentation, external

menory for prototyRigANSIO éﬁ%lﬁf‘%@sbrogos'éﬁaﬂg dthS ﬁ'ﬁférﬁ(loﬂn% GideLRRb Set up

function for the constants utilized f dress scra |ng function; -
means to cRAFCUREMEesbagisms ta pwercomeethese RIS and then within the

SI MM reset nodul e OfsdrﬁmbﬂﬁPQhé'erhﬁdbéssEBQnFUrGéﬁltéQﬁhp@fh@dhéﬁéﬁou@f this
i nvention has been herei

ore ex68 thed but it aaoul ﬁ'ﬁ 8ﬁrstood t hat
those ski | PEQUETRG HB gl"'[' rﬁﬁ’&e aliSit SHRE W & 2r 8FAFERSt hout
g?mrE Is ng stchmg Wgﬁés Ohrrﬂ'\%t!j slut ;wetntlllzdng twgkfbne}tantb idengfied GIuAhFB 1. Ad
i ng ﬁ,\? %tygg? %ory ule) menory nodule for use in conputers an

simlar |lo 'appl i cations conprising ARAM (Audi o DRAM nenory
chips provided with inseringzan adsociatives oenmory iste BaideAbIy cirbui imotdem ASI C

sdapt od 1o ogr oeel hacpReEri) Sliky iy B804 T el \he B U0EC

e Ca
affecting £RUngg! @cm one rofathééaénamquy aells, the Aﬁq@scmmé@ﬁrm@s Qut @Ml e bits
in a code Vatethalefelngi(br FAREVGG) operatich bf 8a@Nby WENBIRY tRBilG¢atiors 613' lures

af fecting Itlpe‘agI smacogewor din a single nenory chip. 2. SI WM
nenory nod %aééeﬁ VRINeMNOY-ai m 1, characterized in that said ASIC m)dule

conprises: - a codeFhéd BCCifanatiolli9performed by delaying the access to the
memory array in order to calculate the parity bits for each byte; if it is
desired to minimize this delay, the initial write cycles of these memory
cells are converted by said ASIC circuit into delayed write operations.

In redundancy mode, the data are retrieved from an on-chip
SRAM memory in order to configure an internal multiplexer function aimed
at enrouting the data to/from error free memory locations.

The input data word is divided into four bytes which "are
reconfigured into a six byte output word; it should be understood,
however, that only four out of six bytes will be mapped in error free
memory locations. The conversion from an initial write cycle to a delayed
write cycle takes place in the redundancy mode, as well.

Furthermore, as it will be observed hereinafter, a special
functionality is provided for testing the memory under exclusion of the
ECC circuitry as well as for identifying any failing memory locations: the
address scrambling constants and the associative memory locations are
suitably programmed during the test procedure, based upon the failing
location map or so-called fail map.

As far as the error correction functionality is concerned, when
the proper selection bit is set in the Configuration Register, the concerned
ASIC circuit calculates in each write cycle four parity bits in each byte,
thereby generating a 36 bit data string and ignoring any parity bit
furnished by the Host CPU. At each read read cycle, the data are
corrected by utilizing the parity bits and the external parity bit is furnished
by the Host CPU. Access to a single byte in a word is enabled in read or
write mode without corrupting the remaining data bits.
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10984 () - - to prevent any error signal from being generated when
multiple errors involve a single chip at a specific address, thereby
automatically recording the failing address.
As it can be observed in Figure 3, a multiprocessor architecture
is adopted, wherein the computer tests, in parallel, the four code word
arrays of the SIMM module, while the ASIC module provided therein
interfaces the CPU to the internal SIMM buses, by generating the data
patterns and analyzing the read data so as to check their correctness.
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The test flow to be implemented comprises the following steps:

- a parametric test to identify the short circuit or open circuit
conditions, both at connector level and at all test sites to access to
networks not accessible through the connector pins;

- a mapping procedure to individuate the assembly of the
constants and of the addresses of the associative memory by which the
SIMM module is made operative at a coarse test level;

- a full operativeness test of the SIMM module at a convenient
fitness level (it should be remarked that ARAM memories are not
completely tested);

- a full re-analysis of all those units that cannot be mapped;

- a further mapping procedure for all those SIMM modules that
do not overcome the operativeness test.

Summarizing the hardware aspects of this invention, a SIMM
module has been heretofore described including an ASIC module
designed as to broadly comprise:

- means to carry out an ECC codification function,

- means to carry out an ECC decodification function,

- means to carry out a parity generation function,

- means to carry out an address scrambling function,

- means for indicating an abnormality condition,

- means to carry out a scrambling function on external strobe
signals so as to implement a correct timing sequence (read and write) with
inclusion of all dalays due to said scrambling and
codification/decodification operations,

- means for reading/writing a data not-volatile memory (internal
memory in the ASIC implementation, external memory for prototypization
purpuses),

- means to carry out a proper set up function for the constants
utilized for the address scrambiing function;

- means to carry out the generation function on-board and then
within the SIMM reset module of the ASIC circuitry.

The preferred embodiment of this invention has been
hereinbefore explained, but it should be understood that those skilled in
the art can made variations and changes therein without departing from
the scope of this invention.
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10nmm, orzeacn#mn[lwl imoatsy 6 (ASHS (Application Specific Integrated
Circuit) module for outer interface, adapted to correcting the following
failure categories:
A - failures affecting a single bit in a code word,
B - failures affecting muitiple bits in a code word, each bit
coming from a different memory chip,
C - failures affecting multiple bits in a code word in a single
memory chip.
2. A SIMM memory module according to claim 1, characterized
in that said ASIC module comprises:
- a coder functional block,
- a decoder functional block,

- an address reconditioning or scrambling block, connected to
the address bus of the system,

- a functional associative memory block,

- a functional multiplexer (mux) block,

- a functional timing controlling block, to receive the system
strobe signals and to furnish the internal strobe signals,

said associative memory block being connected between said
address scrambling block and, through said multiplexer block, said
decoder block.

3. A SIMM memory module according to claim 1, characterized
in that said ASIC module is organized so as to broadly comprise:

- means to carry out an ECC codification function,

- means to carry out an ECC decodification function,

- means to carry out a parity generation function,

- means to carry out an address scrambling function,

- means for indicating an abnormality condition,

- means to carry out a scrambling function on external strobe
signals so as to implement a correct timing sequence (read and write) with
inclusion of all dalays due to said scrambling and
codification/decodification operations,
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conversion from a condition wherein there are m errors in a single code
word to a condition wherein there are m code words each including one
error; and means to correct the failures of category C involving multiple
bits in a code word occurring in the same memory chip, by an associative
memory included in said ASIC module for storing/retrieving the addresses
identified during the test procedure and the broad normal operation data
relating to all failing locations.

5. A system for computerized test of SIMM memory modules
according to preceding claims 1-4, characterized in that the concerned
computer tests, by means of a multiprocessor architecture, the four
codeword arrays of the SIMM module by means of an ASIC module which
interface the CPUs to the internal buses of the SIMM module, by
generating data patterns and analyzing the read data in order to check
their correctness in comparison to internally stored data.

6. A system according to claim 5, characterized in that said
ASIC modules also comprise means for carrying out data pattern
generating functions, means for carrying out error checking functions and
means for carrying out filtration functions of any error conditions
amenable to be corrected to said CPUs.




