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The present Invention Is directed to a fault _tolerant computer tnem.ori ,:$ystsm according to the 
p18amblo of claim 1 and a method of clafm s. 

As semicondudol memory chips are developed with smaller and imaller feature stzes and a co ... 
responding tncreue In circuit packaging density. additional .error correction methods. such as on-chip error 
correcllon, become more and mere Important. fn general, memory errors occurring on a chip fall fnto two 

. distinct· categories: hard errora and soft errors. Soft errors are typfcaUy 1ranstent events. 1uch as those 
Induced by background- raver alpha particle radiatfon or caused by paramefrlc proceas sensitivities um 
create 9weak cans•. Weak cells are those that fall upon appllcatfon of unique voltages or data ·patterns. or 
are otherwise sensitive to noise. printed Image alZe er Image tracking. With lncrauln; chip densities. soft 
ercotS bacoma more frequent. Thus. lncteaslng chip density dictates a greater need for on-chip error 
correction cepablratles. especiaJly fat soft emn _ 

In addition to the oceutrence of soft errors whidl can usually be corrected by error corraotion coding 
circuitry. there Is also the poaslbllity of hard errors. Hard errora often ari•e out of Imperfect manufactw'ing 
co~ Including device ~fndon. With iflcreislng memory densities, perfection In chip marwfac. 
ture ls very difficult. Thus, hard acrots may be present In addition to soft errors. Moreover. hard errors have 
1ha seemtn9fy paracbdcal benefit of: generally beklg able to ba repeated. It Is howrever ~ teproducl"billfy of 
such 8l'rCn which proVidea a mechatltsm fot their conadion (see below). One of the common forms of hard 
error occurring 1n a memory system or chip ts the occurrence of a •stuc1c at• fautt in which one of the 
rnemary locattons continually lndlc:ate$ a zero or one output respon•e In one or more bit. positions. 
Irrespective of the specific contents of the memory cett. 

SuCh a faUlt tolerant aemlconduc:tor memoty S)'stetn Is dlsclased Jn US·A 4,748.627 describing an error 
c:otrec6on function used In conJunc:tian ~ a refreshable memoty bt.lt providing the ablftty to end the error · 
correction function when data fs to be read from cells that are questionable. Multi-level correction aspects 
and the role othard eirors do not appear to be considered. 

The US·A 4.335.459, R. L. Miner titled •stngte Chtp Random Access Memory with Increased Yield and 
Reliabmty• appears to disclose a mufti-chip memoey system in which chip Includes Its own on-chip error 
correction (sea esp. column 12). However, tl'aere daes not appear to be any appreotation of the need to 
effectively 1um off on<hlp error correction to correct hard errors so as to be able to make the use of the 
complement/recomptement algorithm, or of the desfrablfity of doing 80 in terms of overall memory reliability. 

IEEE, July 1987, "coat Analysls of On-Chip Error Control Coding fOr Fault Tolerant otnamic RAMs" by 
N. JarwaJa and D. K. Pradhan, pp. 278-283 appears to diltfose a cost analysts for bvo c:flfferent error 
correeting codes that may be employed on-chip In high density ORAMs. Multi-level coCfing schemes do not 
appear to. be mentioned. · 

WhJle there are many d(fferent error correction codes that are applicable and available for use in 
conjunction with memory systems. one of the most popular class of codes that have been employed for thts 
purpose are codes with a minimum distanl;e of four between code words. Such codes are capable of single 
error correction and double error detection. These codes are wen known and easily Implemented and have 
a proven track record of rerrabfflty and ease of manufaeture, particularly in terms of simplified circuitry and 
minimum consumption of Chip "real estate". Clearly, single errors. whether hard or soft In 11ature, pose no 
problem f9r such codes. In eddlUon, such codes c:an detect the presence of double errors. of either the hard 
or soft variety, but cannot generally correct them. In the event of two soft erral'I, It does not appear that 
correction is generelly possible using such codes end decoding techl'liques. However. the presence of two 
hard errors or one hard and one eoft error. d~ lend' itself to the utillzatlon of the 
complementlrecornplement algorithm for double error corrediOC'I. This algorfthm is atso ·referred to as the 
double complement algorithm. This method Is, fot example, described In an a.rtJcte by C. L Chen and M. Y. 
Hs<ao. •&ror·Correctlng Codes for Semiconductor Memory AppUc:atlon$, e State·of·the·Art Revl~d. IBM 
Jo~al of Research and Dwalopment, pp. 124-1S4, March 1984. This algorithm takes advantage of the fact 
that hard errors are In general reproducible, As a result Of this It Is possible to be able to Identify bit 
positions which are in error. With this knowledge, double ell()t correction can In fact be ~eel out. It Is 
thus seen that the reprocluclbllfty of hard errors renders It possible to Improve Ute reltabitlty of Information 
storage systems whleh are eubJect to hard-hard errors or han:f-soft ~rrors without Increasing code word 
length. Thus, aspects of memory chip design which tend to defeat hard ern>r reproducibility_ also present -· 
banfers to system level double 9n'Ot' correction espedalty In systems which are designed around existing 
single error correction and double error detection codes and circuftty. 

Memory archlteclUre itself also plays a role In error correctton considerations. In particular, It Is often 
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desltable to access a double M>Cd (84 bits) ot memory data wherein each bit Of the double WOld Is suppled 
from a separate memory chip. 111ls memory an:hlteeture rs useful In that ft can provide relfabfllty and speed 
advantages. Error correction coding methods am also applled to the double word of data. Thfs fs refarred to 
herein as qistem level err0r correction (and deteclfon). It Is at this ieveJ tnat the eamplernentfrecomplement 
algorithm Is employed to correct hard-bard and hlltd-aoft errors, lhat is, dout>le .errors whfoh are of a hard 
varlaly. In particular, this means that a cerialn number of memory chip& are iolely devowd to 1he storage of 
redundant coding lnfoftnatfon, typ(cally of fhe parity or check aum variety. 

Accordingly, It Is aeen 1hat it is desirable to construct memory systems whlch employ on-chip errot 
COll'8Clfon and detectlon capabllltleS as a result of high circuit packagtng densities. SEC/OED codes are 
lfmftacl 10 cotrec1ion of only 1 bit of their data worda. For this reason, It 11 necessary to prevent any and arr 
bit correction upon detection of a multiple error. With data correction fnNbited, multlple errors c;annot cause 
the SECJDED system to erroneously alter a good data bit. TM muttlple error condition ls then cleared 
during "Write back• (i.e., the operation of tranaferrh1g the ~ip ECO WOtd With Its appropriate check bits 
bade Info Che ORAM cell$) through tba on-chip &CC systsm as valfd checkbtts are generated from the 
unalterad data word. In this ayssem, damage to the data ¥IDrd Integrity is limited to the original multiple 
errata. Although these errors can no longer be detected, the ECC system caMot caute degeneration of 
data ward during subsequent accesses. 

The result of using this method Is that air errors at the chip level appear soft Detection of bad memory 
ceUs in rnanufac:turlng test is effectively done 'filh pattern testing by competing npecc data With th& entire 
ECC word. The bits in error are aUiJy noted and the quality of hardware under test Is easily evaluated. But 
In adual memory system operations. the 10tal EC<i word Is not read out of the memoty chip. Moreover, the 
number Of bits 1hat are typlcally read out Is .man. Th1s greaUy Increases the probablllty Of missing the bits 
Jn error. after a multiple e«ar In the chip data word hu occurred. SUch uncorrectable errors at the system 
level tend to cause major aystern taHures. Upon oc:currence of such an error, subsequent memory 
operaUons genecally cease. At the same time, lt Is al$o $&en that it Is desirable to employ system level 
error correCtlon and detection drcultry to Increase memory reflablllty. It is this situation which produces ifte 
problem which is solved by the present invention. In parUcular, at the system (e\'el ft Is desirable to be1able 
to emplo~ the tomplementlrecomplement algorithm to increase overall memory system reliability particu· 
larly through correction of double errors which would not otherwise be corrected. However, the 
complament/recomplement algodthm depends upon tne ebfRty to be able to reproduce hard errors. 
However, It is noted that the on-chip eJTOr correctlon capabillty c:an actually mask the presence of hard 
ettors assodated with a given chip. 

Accordlngty, it is the object of the present il'lventfori to solve the antagonism that can axfst between chip 
lever 8nd system level error correction systems In fault tolerant memory systems. 

It Is a still further object of the present lnvention to provide semiconductor memory chip designs whlch 
·facilitate the reproducJbUity of certain chip level errors, to facHttate the correction and detection of hard·hard 
and hatd"'8oft memory system errors, and to enable mernocy $)'$tams to apply the double complement 
procedUre to recover data when there is an uncorrectable error In the system level error correction coctmg 
circuitry. • 

The solution ts described In the characterizing parts of clslm 1 for the system and of claim 5 for the 
method. 

In accordance with a preferred embodiment of tl!e present Invention, a fault tolerant computer memory 
system comprises a pluralify of lndiViclUal memory urilts. Each memory unit conta1ns a plurality of memory 
cells and unit Jevel em>r correction and detecUon means. Also present are a pfurallty of unit level means for 
Indicating the presence of uncorreaabla errors, these means being associated with distinct ones cf the 
memory units. lbe uncorrectable error Indication means operates to d"isable the .unit level error correc:tion 
funcUon upon the occurrence Of an uncorrectable error. The memory units are preferably llnked together 
through a sy"9m le'lef reg(ster whtch reeetvas data from lndMdual rnemocy units. .The memory system alao 
preferably tncluctes system level correction and detecdon means which receiveS data from the system level 
register. 1n preferred embodiments of the present invenUon the memory units are best thought of as being 
indlvldual semiconductor memory chlps with on-chip error correction and detection means. Additionally, 
each d'i1p ts best perceived as supplying a single bit (at one time) of Information to a sy&'tem level word· 

· size register which is also p~ded with system level error correctron and detection capability: 
One of 1he effects· of 'lhe operaffon of the present Invention Is lhe carrying out of an effecti\'e temporary 

•chip kfJI• upon Iha occurrence of an uneotreCfable error associated with a gl11en chip. In effect. the 
occurrence of euc:h an error on a chip causes the unit le'ler error ccrrection function to be dtsabled. for 
example, by ptOViding an all zero syndrome. While lhls is almost certain to generate subsequent system 
level error lndlcaflons, the reproducib~e nawre of 1he forced chip error sti\\ renders It possible for system 
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leVel error correctlon and detectton drcuffty to petfonn complement/tacomplemem correction. In ap(te Of 
the feet flat the present JnventJon dfsabfeS unit levat error corredlon In one of the memory units, 
nonetheless overall memory S)'$1em rellabllity Is enhanced becalln Of the reprodf.lClble nature ot Che forged 
emxs that result. Accordil1gly, the highly counter-Intuitive result I~ . that overaR memory reJlabDlty Is 
enhanced even 1hot!gh an etror correc:tion component Is effeclrlely disabled~ ... " • 

The subject m•r 'Yhlch is ragarded as the lnventiOn Is partlaulalfy painted out and distinctly dalmed 
In the copcludfng portion of the apecfficalion. The lnventfon, however, both as to organization and method of 
pracdce, togather wfth farther objects and advantages lhateof, may best be understood by reference to the 
followlng description taken In coMEtdlon With the accompanying drawings In which: 

fig, 1 Is a partlaDy schematic block diagram Jllustratfng a memory organization which Is parllcularty 
suitable fer implementation Of drJal level error correction: . 

Fig. 2 Is a partial block diagram almilar to Fig. 1 but which particularly iRustrates modifications made 
to paovlde unit level c:orractlon disablement means disposed on 1he lndlvldual memory units (chips). 

Fig. t mustrates a memory organization which ls partlcufarfy sultable far the employment of the present 
lnvenUon. tn particular, Flg. 1 Illustrates a computer memory organlzaUon comprising a plurality of 72 

· individual memory chips 10. However. It should be appreciated that the present Invention Is not 11m1ted to 
semiconductor memories but Is generally appllcable to 8lrf computer memory system In which a plurality of 
memory units each provide stngte or multlpfe output bits to a register and In \\'hlch both c.tnlt level and 

. s1&tem level eaor correction ~::18' employed. In lhe system shown In FJg. 1, each of ttie 72 memory 
units 10 supplies a slngle bit to system level or W-reglster 25. Regrster 25 Is also seen to supply outpUt 
data 1hrough sy$tem level enor eorrectlon circuitry 30. Furthermore. tt· ts also seen that chip or unit level 
error correcting circuitry 20 is provided on each of the memory units or chips 10. 

In the particular embodiment shown in Fig. 1, It is _seen that cell array 12 Js organrzed fn words Of 137 
bhs occurring In selected word Jine 14. Of these 137 bits. 128 bits comprise data bhs 'Vtth the remaining e 
bll8 being parity check biia. This ts sufficient to provide .On.chip single. err9r correction and double error 
detection. The 137 bits of cell array Information 16 are selected from word Une 14 and passed on to chip 
level error corredion circuitry 20 which pl'O\'ides 128 bib of corrected data to static register • e. Memory 
unit 10 is also supplied with address fteld Information (not shown) which I~ employed by decoder 22 to 
select a stngle output bit from stabo reglster 18. The output Of deeoders 22 In chips 1 through 72 are 
supplfed to corresponding cells In register 25. Thea& cetta typlca1fy comprise mp-flop circult elements. In 
parti~ar. It Is seen that system Jevef reg~r 2S Includes 72 bits of Information of which 64 bits comprise 
data with a bits comprising parity check lnbmation. Again. single error correction and double error 
detection are possible with this degree of redundancy. The specific nature of the coc1e·or of 1he detection 
and correction circuitry employed elthet at the unit revet or at ltie system level are substantia?fy irrelevant to 
ttie practice of the invention. Any suitable code rnay be employed for ttlts pUfPOS$. 

The disad'IBntage of the system shown in Fig. 1 Is lhat hard ertol'S such as •sbJck at• faults occuning 
in a J)f.tticular cell array 12 rendef it irnpossibfe far system level ecror correction coding methods ro employ 
the complement/recomplement method for recovering from hard-hard and harcf.toft errors (that Is, double 
errors which are herd In nature). It Is further noted that the specific structure of the memory system shown 
in Fig. 1 should not be construed as limiting the present ln11ent1on. In partlcular, the choice Of codes, as 
Indicated aboVe, Is relatively arbitrary, as Is. the number of chtps emplOyed and the parfioular word 
organization of cell arrays 12. The relevant aspects of Fig. 1 encompass the dual level error correction 
capabilities and the independent organization of the memor)' units, particularly with. respect to their 
supplying independent bits of Information to register 2s. 

In order to more fully comprehend the problem associated '91th the memocy system of Fig. 1. 
consideration is now directed to a srmpllfled example· of the problems that eertatn hard errors such· as 
•stuck at• faUlts can engender. In particular. consideration Is given to a melTIOJY structure In wh'leh each 
word comprises 8 bits, the first 4 bits being data bits and the last 4 bits being partiy sum check bits. In 
pal'llcular. and solely for the purposes of explanation, it is assumed that fhe em>r corractfng code matrix Is 
the one ~rovided In the table below: 
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1 0 1 1 1 0 0 0 

1 1 0 1 0 l 0 0 
l. l 1 0 0 0 1 0 :· -....... "' 

0 1 1 l 0 0- 0 ·i 
TABLE I 

It Is atso· assumed that there are present two "stuck et" fauJts occurring •n lhe ftrst two ·output bit polrtrons 
of the memoiy array being described. If rciur bits of data 0000 n written Into fhe memory, the word written 
Into the 8lTaY ls 00000000 In accordance with the malrfx PrOVldecf above. However, 1he data read out of the 
memory is 1100 Indicating an erTOr pattern of 1100 baceuae of the two •stuc1c at" fari1ts. How&ver. if the 
data 0100 is deSlrecl to be atored In ·the memory array, the word written Into the array ls 01000111 In 
accordance with the parity check matrbc lmplled by the mlfl1x gtven above. However, agarn because Of the 
t'llo •stuc1c at" faults In 1he first tw0 output bit posftions Iha word read out of 1ha array Is 11000111. 
HOW8"8r, b9cause of the unrt level error correction capabllles. the data read out of the memorv Is rndJ(:ated 
as 0100 c1early Implying an error .pattem af 0000 slric:e l11s Is the same pattam wrlttan Into the memory. 
Thus It Is seen that. depending up~_ the data written Into the memory, the ~nee of •stuck af' faults can 
be masked. It Is In fact the masfdng of these faulls whlc:h wou1d normally prohibit eppllcation of the 
complementlr$COmplement algoriehm fOr comdng bani-hard em:n. The situation above Is summarized In 
the table below: 

TABtEll 

STUCK AT FAULTS 1 1-
WRITE DATA 0 0 0 0 
WRITSWORO 0 0 0 0 0 'o 0 0 
READ DATA 1 1 0 0 
ERROR 1 1 0 0 
WRfTEDATA 0 1 0 0 
Wf\fTeWORO 0 1 0 0 0 1 1 1 
RrADWORD 1 1 0 0 0 , 1 1 
.RSAODATA 0 1 0 0 
ERROR 0 0 0 0 

. 
Attan1ian is now speclffcatly directed to Fig. 2 In which memory unlt!J 10 have been modified es 

indicated in accordance with the present tnvenlion. In particufar. It ls seen that In Fig. 2 untt or chip level 
error correction circuit eo is employed to provide an uncomdable error detection signal from syndrome 
generator 91 1hrough AND-gate 53 and OR.gate 56 to latch SS. which provides a correction Inhibit signal to 
decoder 92 of chip lever ECO circuit 90. The chtp ts first fnft1Bllzed to have ~data and parity bits in all 
Iha ECC words "behind" '11& on-chip ECO. Upon completion of 1ht Initialization, the SET MODE A elgnal 
fine is used to set latch 52 such 'that the uncorrectable error detection signal from syndrome generator 91 
can ~t latch SS through AND-gate SS and OR-gate 58 to disable unit level error comtdion. . 

The SET MODE A $fgnal line is employed In accordance with standard known methods $Uch as 
applying an over voltage for an existing Input or Inputs or in accordance With newly defined JEOEC 
standard in whlch CE and w are a~e before RE and In which addrtSSN at F\E are decoded to provide 
the SET MODE A Input s1gnal The reset input R of latch 55 Is suppfied in generaUy the same fashion as 
discussed earlier for the SET MODE A input. The RESET MOOE A slgnal llne resets only latch SS aJJov.ting 
normal operation to return after system error recovery ts accomplished and data can b9 read from 1he array 
untl1 another multiple error ia. encountered. RESET MOOE B, again supplied by method given above, Is 
used to disable the feature of data correction by lnhtbltion. SET MODE B again is supplied by l8c:hniques 
previously discussed and Is used to set latch 55 through OR-gate 58 to allow memory bit mapping by 
Inhibiting chip level ecc data correction. 

The use of RESET MODES A or 8 or SET MODE B Is used In conjunction wfth system error recovery 
to ellow the data from the bad area "behind• the on-cNp EOC to be mapped and corrected and placed into 

1iiiilf 
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another mray with the use af normal chip sparing methods. SET MODE B is used for S)'Stem diagnostics by 
Inhibiting en-chip ECO ermr ccrraction so as to allO\V memory bit mapping of bad d•ta focatfons. The 
drcuftly shown within block 80 Npl'8Sef1ts add'dloRal drCUlts employed On-chJp to carry out 1ha presen, 
Jn~. 

Accordingly, It Is seen that the dat& from array chip 12 Is supplied 't0 iegtstir 18 Which is capable, In 
the example shown, of storing 137 tiffs of Information. These 132 bits include 128 data bits Di O = 1. 2. _, 
128) and ntne error coirecton check bits. Re9lsler 18 suppllas data bits DI dltaclly to error COl'l'eClor so. 
Addftfot'lally, register 18 also supples aU 137 bl\S from cell array 12 to syndrome generator 81. Syndrome 
generator 91 and decoder 92 operate to generate. a conector which 18 entirely zero In '2• event that no 
errors occur. Furthermore. In the case that errocs do occur. qndrome geilenlfor 81 and decoder 82 operate 
to supply a binary output vector havrng bits turned on In lhe poaltions fn which It Is desira~le to correct 
emn. The blnaay autput vector ftOm decoder 92. lnclic:atlng error poaltiona, Is generated lrom the 
synchrne vector In ways that are well knoWn to error correction code practlfloners. Thus in Its nonnal mode 
of operation, when a elngla error Is detected the output generated by syndrome generator 91 end decoder 
92 rePresants a vector having 128 posltlons one of which Is a blnaiy t In the posltlan In which the single 
error has occurred. Thfs permits the ~output from decoder e2 to be Exclustve-oRed wfth data bits Di 
from reglstet 18. For example. If there Is an error Indicated In bit poaltion S7.1hen data bit 057 ls ecc1usJve-­
ORed with bit position E57 from block 90. lhls Exclusive-OR operation ls eartled out In Excl~.OR block 
XORS7, as suggested rn Fig. 2. l'husi ·the eacfUslve-OR blocks rn error COIT8Clor 60 operate as conditional 
Inverters causing a correction upon tfJe condition that an error hat been found In a speolfic bit. 

However, In the present Invention syndrome generator 81 prcvfdes an uncorrectable error detect signal 
to AND-gate 53 and decoder 92 can receive back a correction Inhibit sJgnal from latch 55, whtch forces 1he 
input ayndrome to 1he decoder 92 to be stt to all zeroes, lrrespect111e of the presence or absence of error 
Indications In Ute decoding process. Thls effects a disablement of the chlp kMI error correction coding 
clrcuitsy. When the S)lndi;oma fs set to aQ zeroes, the edusl..OR operation canied out by error corrector 
SO leaves data bb DJ lntaot. Altamatfvely, GmTectlon Inhibit signals can operate directly on the output from 
decoder 92 to provide a set Of zero corrector bits Et to corrector so. 

In preferred embodinaents of the present Invention, the si9naf to set 1he syndrome to en all zero value is 
daflV8d from on-chip ccntrol logic 80. In 1hls way, on-chip means are provided for disabling · 1he on-chip 
error cotrectlon circuitry. The crisablement of the on-chip error correding circuitry actually ertables the 
double complement algorithm to be carried out at the system level and furthermore allows diagnostic 
mapping of the memory to be done. This functionality Is very desirable during memory test operations 
when It Is desirable to be able to determine the presence of faulty memory locations • 

. More Importantly, this pl'O\'ides the abmty to reproduce hard errors, a property whleh is necessary for 
1ha proper operation of the complementlrecomplement method employed for error correction of hard·hard 
errors at 1he system leqeJ. In this way, when the memory unit mocflfications shown ln Fig. 2 ls employed in 
a fault tolerant memory system, greater system rel!abllity Is achtevable. Without the memory untt modifies· 
tion, whellever there Is a double error at the system level, 1he data is not reco'Jerable. With the memory unit 
modHicatiort,'all hard-hard and hard-soft errora at1he aystem level are correctable. • 

From the above. it should be appreciated that th& present in'llerition provides a mechanism for 
enhanced fault tolerant cai:>abUitles in memory systeme, partlcularly high density semiconductor memories 
comprisJrig a plurality of integrated c:ircUlt chips. More particularly. It is seen that the present apprfcants 
have provided a counter-Intuitive approach in which chip level memory s)'Sl'em error correction functioning 
is disabled In cn:Ser to lmprOYe overall system · 1eve1 error corrdon capabilltles. Thus, applicants have 
employed 1he seemingly paradoxlcal approach of forcing errors to Improve error correcUon capabiRties. It ts 
therefore seen that applicants have contribat8d to stgnlftcant ad'lances in the areas of memory architecture 
and error correction. It ls further seen that applicants have done so at minimaJ cost and wieh a desigii whleh 
Is appficabfe to any m&mory chip employing on-chip error correction capabilities. 

While ttie Invention has been deseribed 1n detail herein in llCCOrd with certain preferred embOdiments 
thereof, many mod"mcations and cf1anges tiieretn may be effected by those skilled ln the art Accordingly, it 
is intended by the appended clalms to cover all such modifications and changes as fall within the true spirit 
and scope of the in\lentfon. 
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Clalms * C L M S * 

1. A faUlt tolerant semt~ IMR\Ot)' system with a plcnlity ot digltel memory units which receives 
address lnfonnation and which Supplies data information In reaponse thereto, c;ba~~ 

by a pluralif; of on-chip Unit 1evaJ error carredfon and d~~ means (20), 'lafd means ~ assocfated 
with dlsflnct ones of eafd memory unfta, for correcting and demcUng errors In data read· from memory ceDa 
rtdhln said rnemmy units; · ···· . - · . · 
by a pruram, of unit level diSablement means (fig. 2J, associated with di.dnct onn of sald m~ antts 
and opendlng to d"IBlble the operafion of at 1east one uaodated unit level comtdlon and daledlon m•ans: 
and • 
by system level error corNCCfori and defection means (SO) receiving data ftom said ~ units said · 
$YSlem level correction end detection means being opetable to corcect hard errors by actfvdori of said 
disablement means. · 

2. Memory system of dalai 1. characterized 
by mode a~ means operable to control the actrvator of saJd disablement means. 

a. Memory system as set forth In datm 1, char8cterimd 
by system level error correction and detecuon means receMng dm from a pluraUty ohald memory units 
and being operable to correct hard erroiS by activation of said unit level clfsabUn9 means. 

4. Memory system as m forth In dail'll 1 or 3, chatacfe~. 
by error correction and datectlon means for at least two distinct ones of said le11Sls. a tower one of said 
levels being .capable of exhibiting both hard and soft errol'Si and 
by means for disabling 'lhe opetadon of a lower level one of said orror correction and detection means upon 
the occurrenC?8 of mullipfe errcrs. 

: s. Method for operating the memory system of claim t 01 4. ctiaraeteri~ed 
by a atep of disabling the operation of a lower level one of said error correction and detection means upon 
th~ ~mm~ of multiple errors. · 

11111ir;i11r 
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