; NCe3eGD\ x6BT041 ~4 J U L 2003 SPECI ALI ZED HARDWARE AND SOFTWARE TO TEST
SINM S MANUFACTURED USI NG NON COWPLI ANT MEMORY CHI PS This invention broadly
relates to use of ARAM menories and, nore particularly, it (“ mﬂma
system for enabling use of such nenories in application wherle®n
standard specifications would require nenories of better performances in
respect of their failure rate and wherein such nenories, therefore, would
not Wi t he required specifications. 1 ~r J UL 2003 2 Even nore
partlcularly IMMWW'MMM@ on relates to a systemfor checking or testing
SIMM (Single | y Modul es) nory nodul es obt ai ned by neans of
ARAM (Audi o grade+desdd nenory chi ps ahd designed for use in conputers and
| i ke. DRAM Audi o nenories, also designated as ARAM nenories, are dynam c
DRAM nmenories having a certain failure rate) due to the fact that they have
some failing bit locations in casual or random positions. ARAM nenories are
enpl oyed |n \Matlons such as tel ephone transponders or answering
machi nes, @EﬂﬂmWﬂM“ ailure rate is such that a voice nessage stored
t herein can regrgeved W t hout noticeable defects in view of the fact
that the human e€af 1s adapted to replenish any lacking infornation by nmeans
of integration and interpol ation nechani sns. Use of these nenories in these
applications, therefore, does not raise appreciable problens, unless
certain failure rate limts are overcone. They could not be anyway
utilized) for instance, when they have conpletely failing colums or rows:
not even the human ear, in fact) could replenish such a relevant |ack of
i nformation by nedREGHALLZED Hi%%?“é&‘?%n”ﬂﬁcﬁ‘?lﬁ@ |59 B hechanj sns. The
speci fi cati ofi$M4f St HANHFACTOREDs USENG NOY, COMEBLI Wﬁﬁ%“%FW&E%ﬂ
establishing a maxi mum failure rate limt, but they al so introduce a
further restriction that the defects be Iocated in random | ocati ons.
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array. % 2003 I n other words, when a conventional ARAM nenory
is conéit‘%i'é?"’éﬁ Shect Pét'@tﬁww&%ﬂabt@'t%ﬁte"épf@ﬁl elabelterspaiiermancegdsirghieert: of
correct. any. fa|I| bits, by naking recourse to a correction system

assim I‘B%'Féat“b’eafatt? aﬁﬁ'@nWbﬁQ)@ ehnmemoriegmingretore haonisl nph coovply Méithnihve

af fected by noi se. The failing nmenory problem can be solved by assimlating
t he men@Ayiresspedficadignent |y the nenory scan to a bit string to be corrected
by adopting the sane procedures as for transm ssive channels. If, however,
in transm ssive channels, we are coping with a string that is



substantially sequential, the string to be considered in conputer
applications is certainly randomrather than sequential. As a result, it is
necessary to study an error code adapted to be applied to information
storable in or retrievable fromthe nenory in random way. it S n
described and clainmed in a copendi ng patent application inef*E\"QEezggsthe
sane applicant, filed at the sane date hereof, this problemis sol ved by
provi di ng SI MM nmenory nodul es conpri sing ARAM nenory chips with an internal
address bus for each nenory chip and an ASIC nodul e for external world
interface, adapted to correcting the followng failure categories: A -
failures involving a single bit in a code word, which are corrected by
application of a conventional error cofrection code (ECC)) B - failures
involving multiple bits in a single code word, each bit comng froma
di fferent nmem&vgnaiarp Pafisulgilyathds uentias: rethtes tocd syies fon chedlinmorclestng i on
of merrors in a single code word to a condition of mcode words, each
cont ai ni PN H8ingler lorline Memogy ModulzeDa@rematy mddasidsuelginedyl means rIARAM e
bits in a single code word existing in a single nmenory chip, which are
cor r ect edugdio grade iRAM)gmamoassttps and desigeerbioy use doecqopateedandlikeai d ASI C
nodule in order to store/retrieve the addresses identified during the test
stage as wel | RRBAMI Audiermaealoridst alsgetesigrtatet cdisr ARGM oneradriax) earat dymamic
respect of all failing locations. It is a specific object of this invention
to provi OBAM smsmorids EadngppesrediniFaiire lratshidue @ el 22D tikatsibby WRive $oregr am
operates to check or test SI MM nodul es as above nentioned, wherein
not - conpiilingt bitfRAALONC N BSsual @r Whhddrd §¢dsitiBHS.NARAM tndioid ARt emPloyegnendi ng
or according to the standard specifications for the intended application.
These chjigio adp%Iié’dt@ﬁs.dﬁfdhgﬂéttégpﬁdheatrﬁhlz\;{go%@&t oft BRI cRReSHdcagsandary
Silicon) nmenory chips. GENERAL CONSI DERATI ONS Any known equi pnent for
checki Ny fafidel At HEARANGNERBideSmSBEade! EAld thesin IaRTb [riaRRCkithdR
conformty or conpliance of such chips to the product specifications. They
furni sh agddabRy H&%F@WP%%'HP'(HQ ;édf‘iﬁhﬂﬁe%‘u%aﬁP?&.d'\sS?éagﬁéa ol T%I%IQI%FII\ gly|, _node
Irnple Tormat (go bl"e/ not - e). T

and like, Inas no-go or accepta acceptab hey
have bee h ver. to b 0 etely inefflicient n they are
nequesteEaCP%gP&PHF%X&adeFSn%8@8%@%2%a déf'{@rioa{%téoq 'H%'&%’ﬁ%@?- of the menory
cells. Furthergoref it shoul d be co Ei der ed .t hat tgs test p ocedu[)es.
adopted in mantractiuliass MARIPScHl nBesk dnRiealnss dBeTejoigamaAesdneb RSl o
failures of different categories and typologies and it is_al nost inpossible
to make §P@Fﬁ°fqb<'9aWt°b|ﬁ'??ﬁ-W%r?éﬁ?@a'f‘ﬁéﬂlﬁ%?te limjits gre pverqomm dhey coHldhnsbe

ci rcunstances, the above quoted not-conpliant products are identified and
cl assi f i @gyway dilizede fordrstanee.avkpn thaydraveneprepietelt faiing srlwmngjargows: not

categories, thereby ‘ '
even the human ear, in fact, could replenish such a relevant lack of information by

means of its integration and interpolation mechanisms. The specifications of these
memories, therefore, are not only aimed at establishing a maximum failure rate limit,
but they also introduce a further restriction that the defects be located in random
lacations.

In addition to these restrictions, even if 99,9% of the memory locations were
properly operating or error free, such ARAM memories could not be utilized in
conventional computer applications, just due to the fact that the addresses of the failing

bits are randomly dispersed in the relevant memory array.



| eaving the responsibility to use themin effective and not expensive
manner 'to the end users. It is a specific object of this invention to
define the mnimumrequirenments in terns of equipnent and test procedures
for manufacturing SI MM nodul es based upon use of not-conpliant nenory chip,
al so designated as SS chips. As it is also described in ab vg m/:m
copendi ng patent application, it is possible to manufactur | e
based upon use of a SS chip, in which an ASIC nodule is inplenmented for
interfacing a nenory array to a Host Systemthrough a standard connector,
nanely a connector with 72 pins or 32 data input/output (1/0O ports. It has
been realized, however, that this connector is in effect a real bottle neck
in the test system which should cope with the need to access to each

i ndividual 1/0 port (nanely 48) of the nmenory array. Aimng at solving this
probl em) which i pec hi. S| [ v | d .AS| C
nodul e shoul dw%eagglgi@ggsg élggését%oﬁvhw(ﬁ%té gﬁé%&? Ef‘rﬁg&cfsr cwéﬁ%'lrj%/%%ér{gﬁ% ed
during t S ) n te.into. a Vg 32, hi idth a
dat & ot rengbERbie haP s S SoClrudhet?lsf bRt 2Rl iipl hethd ca
by neans _of a tgst systemfor SIMM nengry nodul es assenbl.ed by use of
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rel ated gaddresses) a circuitry iis provided ich conprises) for, a reference
i te. priEEneL s pannagedaled Ry fios. 78 Mg Metiey Aol 4l beteds “and
a 1 ~r J UL 2003 6 48 bit output to a ttern inverter aJso having a 48
bit out pR¥ aggigalingthe memogy @6%59’!5?8149'0\%{){ WRAQLY sgapde taet’% siigeta g?
having a 48 bé)é inaut_ %Di n) connected to a data conparator and, through
sai d confRiregtes by adorlingdhe samedquesedures as iprdrapsmissivesiiaplelst o t he dat a bus.
In the preferred enbodinment, a topologic inverter is provided between said
pattern inver tlbrBoweyer: e tignpnissived channelphweeare raping gwith tao singpthateiat t he
data flow and to wite true data into the menory |ocations. Furthernmore, in
a pr ef er sleptanisdyisaqurntial Maiswnyto beonsidetsssin gompatenapplications is certainly
random rather than sequential. As a result, it is necessary to study an error code
adapted to be applied to information storable in or retrievable from the memory in
random way.
As it has been described and claimed in a copending patent application in the
name of the same applicant, filed at the same date hereof, this problem is solved by
providing SIMM memory modules comprising ARAM memory chips with an internal
address bus for each memory chip and an ASIC module for external world interface,
adapted to correcting the following failure categories:
A - failures involving a single bit in a code word, which are corrected by
application of a conventional error correction code (ECC),
B - failures involving muitiple bits in a single code word, each bit coming from a

different memory chip, which are corrected by conversion from a condition of m errors

in a single code word to a condition of m code words, each containing one error,



conprising a nenory array, said ASIC nodule, as well as a Fail Menory
Register is interfaced, during the test procedure, by neans of an interface
circuitry to a FIFO (Firstln-First-Qut) nmenory, in which the address of the
failing word and the coded error information are stored. Further details

and advantages of this invention will be evident from theqflp! |Jp}f 2003
specification by referring to the encl osed drawi ngs wherein the preferred
enbodi ment is shown by way of illustration and not by way of limtation. In

the drawi ngs: Figure 1 shows a bl ock diagramof the circuitry included in
the ASIC nodul e according to this invention, Figure 2 shows a bl ock diagram
of the scope function to be inplenented in order to |ocate the real
positions of the failing bits, Figure 3 shows a circuitry for storing the

address of the fvéilbiésgimrvd\gam@nipibebn@de@ sihgrr cody Qordiekidling h @ Eh§@
menory, 1 ~r J UL 2003 igure 4 shows a flow chart adapted to handle

vari ous mh&tRes éﬁl\i}'{/,lnﬁﬁkhyargr&%@bé%t P DfilizirRtf 66 e 6ciafifeCn@delad Jindodpdrdiedt mat es
for the sane SI nodul e. By referring now to the drawings, in the first

pl ace, ighich ASIC InBEUIE ARSIEEYF &F stdidhetfe e BT aBbrds88S iGSHIBARNinG Ahe TRED! | €S

wites a certain reference data pattern into the device under test (DUT)
and therseald 8 wdll AShl IRKBRI At g8Rérat GRITREMES dpdfatioh! il RYBELtARt A L O
the ref es??nce pattern igﬁl}l]tl&al 'y 8ntereégpglljjr| ng the i?e phase.6 The test is
consi dergflndfodafsihd | Ve when a coincidence or match condition is found, but
any difference therebetween is considered as a fail or error condition

(failing or errar. Qi 1 LAk ! i
consi deration “t% abgbér%%emgp‘a&e‘gﬁ‘f [ﬁ%gﬁ@{} gjgb &dezet gt g&lgﬁlzve})#%%iatr%%p@%ar e
not - conpl ji.ant chi ps, nely chips having not sufficgci perfornmances with
Fespect WHIEY reSullshie: sdlffeiR PR oReAlet g eck B iod bl REFdHe B ABAVE ¢ ha
the object of the test is not to establish whether the chi Es, are.in
agr eemerdDe0iNEd: hAIBBCNILOMRIGAL MAMAY: Chip@re dittged.: 3/chs Eips Rainpg et
anount or grade of their performance differences and the rel ated addresses.
Thi s furk@TesRonding & Geearding toplpersiandard speeifigationsppg theeintendgd arplizatiofan pe
observed_that, as far as the reference wite phase is concerned, a pattern
regi st er Thep9 chips gie alse)dasignateshin adiffereny isramolagyi aySe (Secendary miligom) r om
the data bus and a 48 bit output to a pattern (wite) inverter 11, also
havi ng amegasy chipsit put Dou,. As far as the retrieving phase is concerned, a
pattern (read) inverter 13 is provided, such pattern inverter having a 48
bit input D~, GENBRALIGANSDERAZIGNSonparator 14 and, through this
conparator, to an error coder 15 having a 32 bit output to the data bus.
14 J U L 2003 Aef anewatequipmant fe drestkingr oc eskiihg, mehmrpathipr v speditidatly 10
is loaded with the selected bit pattern and, during the test procedure, the
data aredésigned abr efledko thé ecdniéreiys be deormpiizinge CHI Boich Sehips biot thearfoduct
transferred fromthis register, rather than fromthe data bus, which has a
32 bit capadifiddtibhs. THYY fuAReH aaiisfolMXRr 88sdPhisig keubR dsSthBrspved ¥didcfion, the
conplenenting the data stream in order to wite "true data" into the
merory | a8 Sand'ite: fin eS s iéithat -4d"bF AEEGIEGIeMoRRE Ao R ARy LY
into the concer nen r'rermrr‘y g@fb; ﬁ*\aw&g’g‘é E?mge) Jt:'ﬂ:se ggtg ret iev%’g frgmthe
menory chi a q@é\ﬁp i I e t1er L.tar 10
by neanshg?éc?%lr’?gafrggﬁ@r ﬁqﬂ?\;e?hyggt put I%@%E{eﬁﬁ: geor{r‘rpq%égzl} g*r&léf%i Fs%qégg% ed to
an error r i i |1, furnish t sult_of the conparison, in
conpact {%ﬁ%ﬁtgnﬁgmhé@tf&{atggsér|btra§peg:fo{t§ea{n%rnﬂyacoqlﬂ% dedi cated CPU unit.
The error COder:uﬁr?eurmo?es. %tt ssho?iﬁd tget cgr%iggrtedt 81att qﬁedtaetsfa p?gcse'dures adopted in
manufacturing memory chips are not perfectly adapted to handle failures of different
categories and typologies and it is almost impossible to make significant improvements

thereto.



The i npl enment ed approach provided for grouping the data input 110 ports
into a'four bit assenbly and the coder will furnish for each assenbly the
following indications: - no error took place) - one error took place) -
multiple errors took place. Wien this technique is appli 3&q§€ﬁ;i farmation
relating to 48 bits (twelve groups of four bits) can be i into
24 bits, so that it can freely flow along a data path having a capability
of 32 bits. 14 J UL 2003 9 Aim ng at ascertaining the real positions of
the error or failing bits, it is necessary to inplenment a scanning or
"scope" function, as it has been shown in the block diagramof Figure 2. As
it can be observed, such a function shul d be adapted to transfer sel ected
bit groups) in this case three groups of 16 bits, to the 16 bit connector
of the SI MV nifutnost ciraunpstancest titel abrvedjuatedhnoloermpliant ipreductsoare identifieck)

DO D15, by neans of a nultiplexes block 16 and of a scope function register
bl ock 1andTtlassiffashibasednupamciteriaioefagtortimg tarratifer-ingefinite giategaries g tremelby si s.
Execution of the test arocedure During execution of the test ~ procedure,

t he condeaviregithel ebponsikility te ubs tizam iirabifgctive randi reot egpehsiveraranngr teathel endr
array 18) the ASIC nodule 19 as well as the Fail Menory Register 20, wll
be i ntendsaced by neans of a specialized interface circuitry 21 to a FIFO
(First-In-First-Qut) nmenory 22, where the failing word address and the
coded error iitfierarspeciic abjectdbirislinvealich id Belime iy yidithush eeduirdhdsrts an
sufficient wwdth to store the above nentioned information and a sufficient

dept h t aefh®beefliipmbnt hhd tost prdtedarizdel AmNidcurihg/ EIMM rmMedules baéddugohol e
colum. The data of the FIFO nmenory will be stored in a nass storage device

for f ur tyay ofHoReEmpiiANt meNoy U3 aftoFflsidiRioMPsBlehitis. | 1 Zi ng the failure

data stored during the check or test procedure, it is possible to draft

iUnfL 05835 i ?2 LY R9s bR GoskABER T EbbYe AienliSted Boferiding patbnt Apiiddtidn, itls ~ J
possible to manufacture a SIMM module based upon use of a SS chip, in which an
ASIC module is implemented for interfacing a memory array to a Host System through
a standard connector, namely a connector with 72 pins or 32 data input/output (1/O)
ports. It has been realized, however, that this connector is in effect a real bottle neck in
the test system, which should cope with the need to access to each individual 1/O port
(namely 48) of the memory array.

Aiming at solving this problem, which is an object of this invention, the above
mentioned ASIC module should be designed so as to include a specific circuitry,
enabled during the test stage, to enroute into a data path having a 32 bit width a data
stream of a larger width.

The objects of this invention are achieved by means of a test system for SIMM
memory modules assembled by use of failing memory chips, wherein, for ascertaining

the failure rate and the related addresses, a circuitry is provided which comprises, for a

reference write phase, a pattern register having a 32 bit input from the data bus and a



Regi ster (not shown) inplenented in the SI MM nodul e. This register can be
realized on a separate chip or it can be integrated in the same ASIC
nodul e, according to the avail able technol ogy. Furthernore, nultiple Error

Correction Codes (ECC) can be inplenmented in said ASIC np el aa ror
correction code being optimzed in view of specific fail ujctaﬂ' pllﬂemr

with different redundancy requirenents) directly affecting the cost of the
end product. The flow chart as shown in Figure 4 illustrates the program

fl ow adapted to handle, for the sane SI MM nodul e, various organi zation
types of the nmenory array (for instance, by 4) m xed or by 16), various
types of access to the menory array (b§ byte, by word, etc.), various
failure rates (high or ow) in the nmenory chips. The flow chart of Figure 4
does not48nkibdutput tore pakerpl invertaraigo hawing a 48 bil owpubdin) or. o cempatswy
those skilled in the art. The batch under test can be sorted into various
product writeepbasessd patteor doveytarohavieg ka B &it inpat s@ink cearuesied tode datal of
the failure rate found. O course) upon conpleting the programm ng

oper at i aronaparatoe ahdj throwgh said tdomparatgir, doean aemor codeechaving 8i32 bihoutput &¢ t he
DUT devi ces) a conventional gol no-go test procedure can be applied to the

I ndi vi duab dateobusit s, before forwarding themto the consuners. The preferred
enbodi ment of this invention has been herei nbefore explained) but it should

be understood lhhhé préfesredsémbbdichant, hhepalbgiccianenadis prvided betwveandsaithanges
therein wi thout departing fromthe scope of this invention. 14 J U L 2003
m pattemn inverters for the write and read phases, in order to complement the data flow

and to write true data into the memory locations.

Furthermore, in a preferred embodiment, said SIMM module substantially
comprising a memory array, said ASIC module, as well as a Fail Memory Register is
interfaced, during the test procedure, by means of an interface circuitry to a FIFO (First-
In-First-Out) memory, in which the address of the failing word and the coded error
information are stored.

Further details and advantages of this invention will be evident from the
following specification by referring to the enclosed drawings wherein the preferred
embodiment is shown by way of illustration and not by way of limitation.

In the drawings:

Figure 1 shows a block diagram of the circuitry included in the ASIC module
according to this invention,

Figure 2 shows a block diagram of the scope function to be implemented in
order to locate the real positions of the failing bits,

Figure 3 shows a circuitry for storing the address of the failing word and the

coded error information in a FIFO memory,



CLAIM5S 1.- A test systemfor SIMMnenory nodul es assenbled by use of
failing menory chips, characterized in that, for ascertaining the failure
rate and the rel ated addresses, a ci rcuitry is provided which conprises,
for a reference wite phase, a pattern register (10) haw‘gg aﬁﬁ ng i nput
fromthe data bus and a 48 bit output to a pattern invert ) 3
having a 48 bit output (Do",) and, for a conparison wite phase, a pattern
inverter (13) having a 48 bit input (D-") connected to a data conparator (
14) and, through said conparator, to ap error codes, having a 32 bit output
to the data bus. 2.- A test systemaccording to claiml, characterized in

that a topol ogi by SELeE 4 iy el QUGS BoRARRY BicdsPaREETS MBHELY o o
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t he SI MM nod e) e- est bI i sh ations neans o a multi I exes

bl ock. ( 1byhaskotieshodigpEnt G saraas s @rceda&rt?ieferf?fe dhla Baflera AB4R; om
according to clains 1 - char terlzed in that s %SI MM, nodul e

subst ant 94¢8, UNIRP P &Rﬂ'ﬁ) '%ﬁﬂeé)ﬁt (f:‘L'Svae%eﬁ“B & ApdgosRares thas
wel | as a Fail Menor elster is interfaced, during the test

pr ocedur @trigxedrgalado e @ie"leﬁf’%lpﬁ%@ ipitiaty,erteged during the ‘ﬂ"‘PI 9*@59 The test
(First-In-First-Qut) menory (22), in which the address of the failing word
and the wsosensidared as pegitiveawhen aceinsidsnea.or matchy condifion jsfingp bet ank t est
system according to claim4, characterized in that said FIFO nmenory (22)
has a sutiifiecsrettheictiotwesn is consideratl dsianfab onatrooconditibre(failing owereottbittlept h t o
score the failure data connected with a whole row or with a whol e col um.
6.- A test sysWhenaac®d dnamono chipaisntestedarttie Sstadingr earisidaratish it Hehatadehe
data of said FIFO nmenory (22) are stored in a mass nmenory for further
conput at iglates fo-thé\fdct Hthat2his irvdhvacicshiph a® ia-complianectips,tiengly ehipditaging
clains, characterized in that a Failing Location Register is inplenmented in

sai d Sl MMoteaitient Qérfdmfaﬁae@mhyeﬁﬁéu ld‘ﬁ\eadéﬂphéaidn WhiCA tele tripE @fe Hisndud t he
test stage, in order to draft a fail A test system according to
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Correction Codes (ECC) are inplenmented in said ASIC nodul e, each error
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their performance differences and the related addresses.

This function is carried out by the circuitry of Figure 1, where it can be observed
that, as far as the reference write phase is concemned, a pattern register 10 is provided,
said pattem register having a 32 bit input from the data bus and a 48 bit output to a
pattem (write) inverter 11, also having a 48 bit output Doy. As far as the retrieving phase
is concemed, a pattem (read) inverter 13 Is provided, such pattem inverter having a 48
bit input Dy, connected to a data comparator 14 and, through this comparator, to an

error coder 15 having a 32 bit output to the data bus.



redundancy requirenents. 9.- A test nethod perforned by neans of a test
system according to any one of the preceding clains, characterized in that
the program flow by which it is performed is adapted to handle, for the

same S| MM nodul e) various organi zation types of the msrmr‘l/l'ar‘ngy_, Zgggl ous
types of access to the nmenory array, various ECC code types, Vv ous
failure rates in the nenory chips. .AfHs?. A& . A E .A A AF. AlE . A&
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for complementing the data stream, in order to write “true data” into the memory
locations, which is carried out by introducing a specific polarity into the concerned
memory cell.
In a read mode, the data retriaved from the memory chips are compared to the
data contained in the pattern register 10 by means of comparator 14. The output of
data comparator 14 is coupled to an error coder 15 which will furnish the result of the
comparison, in compact format, to the test apparatus or to a suitable dedicated CPU
unit. The error coder couples its 32 bit output to the data bus.
The implemented approach provided for grouping the data input 1/O ports into a
four bit assembly and the coder will furnish for each assembly the following indications:
- no error took place,
- one error took place,
- multiple errors took place.
When this technique is applied, the information relating to 48 bits (twelve

groups of four bits) can be concentrated into 24 bits, so that it can freely flow along a

data path having a capability of 32 bits.
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Aiming at ascertaining the real positions of the error or failing bits, it ig
necessary to implement a scanning or “scope” function, as it has been shown in the
block diagram of Figure 2.
As it can be observed, such a function should be adapted to transfer selected
bit groups, in this case three groups of 16 bits, to the 16 bit connector of the SIMM

module, in pre-established locations, such as for instance, D0-D15, by means of a

multiplexer block 16 and of a scope function register block 17. This function can be

useful for an off-line engineering analysis.

Execution of the test procedure

During execution of the test procedure, the concemed SIMM module
substantially comprising the memory matrix or array 18, the ASIC module 19 as well as
the Fail Memory Register 20, will be interfaced by means of a specialized interface
circuitry 21 to a FIFO (First-In-First-Out) memory 22, where the failing word address
and the coded error information are stored.

Said FIFO memory 22 should have a sufficient width to store the above
mentioned information and a sufficient depth to store the failure data connected with a

whole row or with a whole column.

The data of the FIFO memory will be stored in a mass storage device for further

processing.

DBAFTING A FAILURE MAP

By utilizing the failure data stored during the check or test procedure, it is

possible to draft information tables to be permanently stored in a Failing Location
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on a separate chip or it can be integrated in the same ASIC module, according to the
available technology.

Furthermore, multiple Error Correction Codes (ECC) can be implemented in
said ASIC module, each error correction code being optimized in view of specific failure
patterns or with different redundancy requirements, directly affecting the cost of the end
product.

The flow chart as shown in Figure 4 illustrates the program flow adapted to
handle, for the same SIMM module, various organization types of the memory array (for
instance, by 4, mixed or by 16), various types of access to the memory array (by byte,
by word, etc.), various failure rates (high or low) in the memory chips. The flow chant of
Figure 4 does not need further explanations, as it will be easily understood by those
skilled in the art.

The batch under test can be sorted into various product categories, according
to the kind of the selected ECC code and of the failure rate found.

Of course, upon completing the programming operation of the failing location
register and -the classification of the DUT devices, a conventional go/no-go test
procedure can be applied to the individual products, before forwarding them to the
consumers.

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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CLAIMS

1.- A test system for SIMM memory modules assembled by use of failing
memory chips, characterized in that, for ascertaining the failure rate and the related
addresses, a circuitry is provided which comprises, for a reference write phase, a
pattern register (10) having a 32 bit input from the data bus and a 48 bit output to a
pattern inverter (11) also having a 48 bit output (Dow) and, for a comparison write
phase, a pattern inverter (13) having a 48 bit input (Dy,) connected to a data comparator
(14) and, through said comparator, to an error coder, having a 32 bit output to the data
bus.

2.- A test system according to claim 1, characterized in that a topologic inverter
(12) is provided between said pattern inverters (11, 13) for the write and read phases, in
order to complement the data flow and to write true data into the memory locations.

3.- A test system according to claims 1 and 2, characterized in that for
ascertaining the real positions of the error or failing bits, a scope function is
implemented, adapted to transfer selected bit groups to the connector of the SIMM
module, in pre-established locations, by means of a multiplexer block (16) and of a
scope function register block (17).

4.- A test system according to claims 1 - 3, characterized in that said SIMM
module substantially comprising a memory array (18), said ASIC module (19), as well
as a Fail Memory Register (20), is interfaced, during the test procedure, by means of an
interface circuitry (21) to a FIFO (First-in-First-Qut) memory (22), in which the address

of the failing word and the coded error information are stored.
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6.- A test system according to claims 4 and 5, characterized in that the data of
said FIFO memory (22) are stored in a mass memory for further computation.
7.- A test system according to any one of the preceding claims, characterized in
that a Failing Location Register is implemented in said SIMM module for permanently
storing all fail data detected during the test stage, in order to draft a fail map.
8.- A test system according to any one of the preceding claims, characterized in
that multiple Error Correction Codes (ECC) are implemented in said ASIC module, each
error correction code being optimized in view of specific failure patterns or with different
redundancy requirements.
9.- A test method performed by means of a test system according to any one of
the preceding claims, characterized in that the program flow by which it is performed is
adapted to handle, for the same SIMM module, various organization types of the
memory array, various types of access to the memory array, various ECC code types,

various failure rates in the memory chips.



