TW9- 86- 012 . 1 2201016 MEMORI ES AND THE TESTI NG
THEREOF DESCRI PTI ON The present I nvention relates to nenories and the
testlng t her e8P H83%%%2eks to provide an effilcient test for address |ine
failyres in a |’ar ge scal e storage system of an infornmation r?m-dlq qggs?/srtem
and ual Iy a storage system having such a test built into i [ v
nornmel |y regarded as necessary to test all aspects of the nenory section of
a data processing systemas part of an | PL operation and at other tinmes and
thus what is thought to be an adequate test is built into the system- into
the nenory sub-systemitself or into sone of her art of the system say,
into a ser/vi ce prlocessor or GPWEEQ@NB"T BBture of the .
testing depends on the nature of the nenory conflguratlon but shoul d cover
both the retention capabilities of the storage |ocations and the
functionality of the addressing nechanism Conventional testing involves
conprehensi vely exercising all aspects.BESGRABTI®NMry at the sane tine and,
for a large nenory, this can prevent the nenory, and hence the system from
bei ng avail abl e for processing for sone appreciable length of tinme. An

addi tional problemis encountered when the nenory is provided with error
correcting anthe\preseitc enverntioni relBtds) tb hiimokDes an@PieatEstifg Utieded Gnaan

mask ot her nal Lon. re | ent| separ at.es dre
mechani sm tesﬂgng % r°vf‘€eragas%glg % ¥ nagﬁﬁﬁs r‘}éﬁ%aga gﬂﬁesp?‘gv‘? dagI%
syst em oper at edakreatoxagecsisten s aar:thangiaeuddxmsybtmeﬂd regepEhdent |y -

of ot her nenogyo,ea%gegsie}gyhas,ﬁ&egmkré:@egy gumz\trﬁ%o&e menory | ocation per
address line relative to a datum|location, ere the address of the

| ocation associated with a particul ar address line is that of the datum
| OCE?J on It is normally regarded as necessary to test all aspects of the memory

section of a data processing system as part of an IPL operation and at
other times and thus what is thought to be an adequate test is built
into the system - into the memory sub-system itself or into some other
part of the system, say, into a service processor or diagnostic unit.
The exact nature of the testing depends on the nature of the memory .
configuration but should cover both the retention capabilities of the
storage locations and the functionality of the addressing mechanism.
Conventional testing involves comprehensively exercising all aspects of
the memory at the same time and, for a lerge memory, this can prevent
the memory, and henqe the system, from being available for processing
for some appreciable length of time. An additional problem is
encountered when the memory is provided with error correeting and

N " avoidance mechanisms in that these operate on data and can mask other

malfunction.

The present invention separates addressing mechanism testing from other
aspects of testing the memory and provides a system operated memory
‘test comprising testing address lines independently of other memory
aspects by systematically testing one memory location per address line
relative to a datum location, where the address of the location
associated with a particular address line is that of the datum location

but with the bit of the particular address line inverted, by writing a



but with the bit of the particular address line inverted, by witing a

TU9- 86- 0rd9-86-012 2 data pattern into the datumlocation’
and a divergent, preferably the inverted form data pattern into the ;
address |line associated |ocation, reading out the two patterns with the g
.error mechanisns, if any, disabled and conparing the two accessed patté!ﬁls,
the procedure being repeated with the patterns reversed. Theoretically, it
does not matter which order is followed though the nethod descri bed
hereinafter is thought to be the nost reliable As to the test data pattern,
it is poidAtedashest Aate Wbt HaRtotwakien @B rd CEYERPSBF o REGER ARVt HE error
correcti ngvesyda fagi,Cdata patrrd tgathe addresdline assuyilaeed dlochtiom,can be
corrected oy, a caé(ihortw% I arger _nunbe of bits an.bne‘s cqLrect ed on a card
pair, wh&FE M Targer ™ uRBETT8F Bits % 5 MRS 8RS Hha® oubl e t he
nunber ofdibattiednind lcomparibe ther twx lagdessedapatitegh®, ¢the (brothduredbdeldws test in
accor dan p%gela Lhe, Qﬁg%gggeg,{%\éﬁ&% IQ0qt hen produces a pattern that wll

create a difference gredter t at 1arger number of bits between the
data stored in a storage |ocation under test and any address that coul d be

accessed Th¥ordtidsiiygsst IdoBs doti hafter WHIRh! &fderPi£ Foliswddhehdigheeie Of an
addr ess Iineﬂ;gilurﬁg terpal_to the array rrg’dul es and igt rnal to a card
1e bR

pair and™ gEgrd ZELRRILEr 118 Thousht ko SecHhS BYst 18 ress test does

not declare an address failure until a predeterm ned nunber of bit faitures

e an address failure until cterm ned nunber o g
Fai Fur os 22 (BUofes e Birech, ', 18, olhndd AR IR OB B Cooh tho

[
' C t i's change h-pat ough the
test ot heerregtipngprauddess by | theesragx| Forrscting dededogic i RIcae path with
t hose fa'&bgﬂis@dd{ﬁéﬁﬁﬁy?'é Sude® bEHi®d. can be corrected on a card or a

larger number of bits can be corrected on a card pair, where the larger o/
number of bits is somewhat less than double the number of bits which
can be corrected on a single card. The address test in accordance with
the present invention then produces a pattérn that will create a
difference greater than that larger number of bits between the data
stored in a storage location under test and any address that could be
accessed by an address line failure. The test predicts the effect of
an address line failure external to the array modules and internal to a
card pair and then tests to see if a failure has occurred. The address
test does not declare an address failure until a predetermined number
of bit failures on a card is found. The test is valid for single and
multiple address line failures. Since only one address bit is changed
for each path through the test other failing address lines will not be
"detected until the path with those failing address bits are tested.
Thus, even with multiple address line failure the two addresses that

are stored to and fetched from are the only one address bit apart.

The present invention also provides a memory system and equally a data

processing system having such a test built into it.

U.S. Patent 4,369,511 describes a semi-conductor memory test system

which reads a memory under test at an address generated by a pattern



Thus, even with multiple address line failure the two addresses that are
'stored to and fetched fromare the only one address bit apart. The present
invention also provides a nmenory systemand equally a data processing
systﬁwhaw ng such.a test built into it. US. Patent 4,369,511 describes a
sem nductar nmenory test system which reads a nmenory under test at an
address gener agdsby; 2 pattern TU9- 86- 013 3
generator and conpares data read data fromthe address with expected data.
A bl ock mask nmenory is read by a portion of the address and the conparing

operation of hérraesPanat mphfed ARtdiread da&abfﬂﬁktw&kaﬁﬁsawmadxﬁémt he

bl ock mask net hod, f or nenor esting accordi at e

si gni ficantl y‘q%i"%/f erz'g ofk WFH‘@“’B’F%S"@n¥e %gﬁrﬁ %8ﬁt’r% ?haqg‘ %t rﬁﬁfgaﬁ’td Be'®
requi res a conpaparing opbraldba aftatle fdooparatornis \inhibitedabya bferic masie daaad
fed through a, %gdstfrg@ragybl?o%k%%kc g‘g,q?ed_ In conparator 19. In the nethod

according to the present Invention a is stored in associated | ocations,
whose address lines-differ by one i nvert ed bit, and fromwhich the data is

read and conp@kechethod’ ffo‘%ne&nSr&‘Qe%ﬁ%”dcé@ﬁ%é’ éésﬁﬁe gv‘at&%‘%aéﬁn@@lc@ﬁﬂ ted
st orage pattern as in the prior art. U S. Patent 404,519 provides nethod

and appar at us +"cﬁertﬂ%%tf1rﬁ'g "d’&t%ressFBFe‘d“’Fﬂt’a’“rrémh? aFHeaPatansERABYTER 2 | ar ge
scal e i nt egr atésbalisénl 0. dablaersad Iﬁﬁdn anglentitpowidnidatd geheragadenia gea not

descri be or sglglq)es{_‘ tq: tehod f 'Effzst n ddr ecss Irlar%gs i,n accordance with
the present invention. mﬁﬁ’fe bivAs PLESRRYAIF 8 pattern address

gener at or whi ch generat es speci al i sed address patterns in which an address

generator 1S g the method according to the present invention, data is stored in

associated locations, whose address lines differ by one inverted bit,
- and from which the data is read and compared.. There is no second

memory used to generate an expected storage pattern as in the prior art.

U.S. Patent 4,404,519 provides method and apparatus for testing déta
stored in a memory array embedded in a large scale integrated circuit.
The method and apparatus of the patent do not describe or suggest the
method for testing address lines in accordance with the present '

invention.

U.S. Patent 4,429,389 teaches a test pattern address generator which

generates specialised address patterns in which an address generator is

complimented and then incremented on a series of increment-compliment
\./. actions so that all combinations of row and column drivers in the

integrated circuit memory under test are exercised.

The patent does not contemplate the method of testing address lines in
accordance with the present invention where each address line bit is
separately tested by a two-pass test in which divergent data is stored
into the address under test and the address into which data would be
stored if there was an address line failure for the address bit under

test.



conplinented and then increnented on a series of increnment-conplinent

acti ons ®-g&eil2al | conbi nati ons of ro4v and columm drivers in the.
integrated circuit nmenory under test are exercised. The patent does hot ,
contenpl ate the nethod of testing address lines in accordance with the-
present invention where each address line bit is separately test.ed by &J
"two-pass test in which divergent data is stored into the address under test
and the address into which data woul d be stored if t here was an address

a0 s prbarpacinscd 358 e BRache 4 (a8t driRkauus €07 JPREIS PRIPSiSRor i es wihi ch

i ncl udesvheighi ivicdnded aneim;mamtnemm cnhtajathaclpaiate rpesterns sterstdrédr
conpar i g} %jé&r@?éxh@% td%’égﬁaﬁ%&ﬁf‘sd slc& @En!m&kg,dﬁﬁdé st./Ngpatterns

are then rea romthe 1 nt menory o e tester an e menory under
t est andPatERPRE age thee yradefromjshe %Fn&inﬂe?ﬁﬂ’a?é ‘%hﬁet%é:?ﬁo@dof‘—hq esting

addr ess mhdmd®$ dnaegcgggdmgodégatrgd; he present invention where each address
line bit is separately tested by a two-pass test in which divergent data is

stored into the address under test and the address into whi.ch data woul d be
st or ed iThet betextmasesanoadﬂheaﬁglhté\a:hbanéume ciDltes'hBlgadd[hzeSS Hinksuixder test.

The test % r&ﬁx PLESER el nvgé};ttl ogvens_- gnswhrerge eg rf'sC'JT%nt gt he hod whi ch
prowdes uni. uefal ureln or ma Jar e T6TE allurelnthe

menory Wemewheeqneéslama tmn5$ _dnswl _iri Wbecldéswxrd_seu dayat bestbyedray -of
exanpl e MitbhehehAGANE R rAPe ATRAS I tHRNLadB8E ERftoAthilch! 5L RLEG O the

aCco anyl n
P g@orgd if there was an address line fallure for the address bit under

test.

The test of the'present invention is a simple and efficient method
which provides unique failure information for any address bit failure

in the memory system.

The present invention will be described further by'way of example with
reference to an embodiment thereof as illustrated in the accompanying

drawings in which:

Fig. 1 is a simplified block dlagram of a system including a
memory which could support the test method -according to the

present invention;

Fig. 2 is a logic block diagram of the data flow including address
information of a memory-card which may be tested by the method

according to the present invention;
Fig. 3 is a schematic diagram of an address bﬁs structure which
could be used with a preferred embodiment of the present

invention; and

Fig. 4 is a flow diagram of the preferred testing method



drawings in which: Fig. 1 is a sinplified block diagramof a system

i ncl udi ng a, r j ch could support the test nmethod according to the

pr esent inveﬂ??%ﬁ%'&?% 2 is a logic block diagramof the data flow

i ncludi ng address information of a menory card which may be tested by the
met htoeh according to the present invention; Fig. 3 is a schematic diagram of
an address bus structure which could be used with a preferred enbodi nent of
the present invention; and Fig. 4 is a flow di agramof the preferred
testing nethod TU9- 86- 012 5 of the present

I nvention. In infggngald gpegggediﬂvggtmt ens including processors and nmenory
systens as shown in Fig. 1, there is a need to.adequately test the address

lines in the nmenory systemto ensure that the addressing of the nenory
arrays i s corednfofatiod HahdBirfy ey&&mgmfdib gdixggbe%%ésﬁais %@%ﬂ&g%&%?&s |10
whi ch is connggt Q _SLorage stem 1 ata, address,error and contro
lines 14. It ‘g osﬁg“d”& be h?ﬂj‘eggt% €t¥af ??%’ b7 c%&g‘é%‘iel!ot%ﬁ’fdt%‘t GRdERFSsy st em
12 may be i nplinesnimdhermereny sysyen ity eysirenthdthabe addressingnid ¥ha\uinbapl e
from many hargiake SIRBLIERRS SHGN 25l PRI DHIBLL Hlagk Bl RXETRLE, L he
processor could be an IBM_sgsge 3 proceSsor wthits own [ nternal
storage syst ePfO°6Fseh 1PpMishsts vpmrected t0 shoxageheystenr bydysfataem 12 or

st orage sub- syddress Sdre¢br amdtditrobel inagth4,0 control direct access storage
devi ces (DASD). -

It should be understood that the proceésor 10 and storage system 12 may
be implemented in many ways by systems that are currently available
from many bardware suppliers such as IBM Corporation. For example, the
processor could be an IBM system 370 processor with its own internal
storage system, or an IBM 3880 Model 23 with cache storage system 12 or
storage sub;system such as might be used to control direct access

storage devices (DASD).

In the prior art memory address test methods,-unique data such as an
incrementing pattern or the address is stored in each memory location
starting at the lowest address and ending with the highest address.
Each location is then read and compared to ensure that the location has
not ‘been overlayed by a write to any other location. The same pattern
{(or the inverse) is then'written.starting at the highest addréss and
descending to the lowest. The data is again read and compared to

\ ensure that the data has not been over written by a write to any other
location. Failures of address lines are detected either by a parity
check or by a comparison of a data pattern read from the array not
matching the expected data pattern. This method for testing for
address line failures'will also detect'a large portioh of data failures
in an array. Several of the prior art patents identified above use

this kind of memory testing.

With the type of testing as described above, the time required to test

a2 large memory (such as 256 megabytes) is very prohibitive. For



In the prior art nenory address test nethods, unique data such as an

I ncr ementdyyggpagitzer n or the address is gtored in each nenory | ocation
starting at the | owest address and ending with the highest address. Each

| ocation is then read and conpared to ensure that ‘the |ocation has not be-
overlayed by a wite to any other location." The sane pattern (or. the W&
inverse) is then witten starting at the hi ghest address and descending to
the | owest. The data is again read and conpared to ensure that the data has
not been over witten by a wite to any other location. Failures of address
| i nes ar e*%BPR4 &he IncHepteasy timg) zpanireghi ket DH¢Sh NegAPHls §EPrase a dat a

pattern roadeh ATt bhe 1ar6@Y 480hintRES FinB03 tec@a%ectm fletrbapat tigen. Thi s
met hod for_ testi ngFfor address |ine failures al so de%ﬂ:ct a |large

portion of*§ath P85S FOFTRV P 3R m“%\%?ﬁ%eé‘f:yt%tﬁfl 33?1 patents
i dent i i epbsalible whew telstind ithel didressmiiged.eswitly thilf methdik, theeestidesting

a5 dosor | hedngiEed enkd TR SAULLERI AT 5 HRLOR UETHYaE 29 250

megabytes) is ver trve.
6 exanpl eponhsuqnessink cdmpletdon @Guth%@déxﬁqsem tesph G sepeHarecdatiaotesfe

Syst em Wi dystbBe e Bb¥medd lmtngu&'ﬁ af8ska32eSE ARt rihCoiBhRRA 0§ Jilkf Present
I nvention is to renove as.-nmuch dependency on the data as possibl e when

testing tMERAYJFYESem |9PRE_tiony th this nethod, the testing of the address
| ines can be acconplished in as little as one second. Upon successf ul

but " such SEAEFL, BBY Bafitio b SBHEY PRV SO Rertroters S7SFEmeBptt at i on
Ref er r i ngvhisly the Ed@]:ess Linesypetomen nheobyf feas (204,629 |andb24 dedcthiebed i n
memory arrays 26 a, b, ¢, and d, are tested _ Card 16 also includes a -
set of b1-d1rect10na1 drivers 28 for handllng the transm1551on of data \o/
on and off the card. Control lines are connected as inputs to control
block 18 which controls the read, write, enable, test, card select and

addressing of the arreys 26 a, b, ¢, 4 inclusive on card 16.

The dlscu551on above w1th respect to the hardware environment, .
spec1f1cally the descrlptlon w1th respect to Figs. 1 and 2 is for the
purpose of 1nd1cat1ng a typical system in whlch the method according to

the present invention might be efficiently employed.

'Fig. 3 shows a typlcal address bus structure for a large memory
sub-system m1ght 1nclude 24 blts whereln 20 b1ts address locations
unique to each card and 4 bits prov;de card select. Thus, there would .

be a possibility of lé.cards each card having one million addressable ~

locations.

The address bus structure of Fig. 3 is shown merely for 1llustratzon of
- a typical address1ng scheme for a large scale memory and is not

intended to in any way 11m1t the application of the present invention.



. : .
whi ch the address |ines between the buffers 20, 22, and 24 and the nenory
arrays 26 a, b, ¢, and d, are tested. Card 16 also includes a set of

bi -di r recti onaltUBrd6r8i3 28 for handl i ng the transm ssion of data on and off
the ard. Control Irnes are connected as inputs to control block 18 which
COnt"Q)JS the read, ‘weite, enable, test, card select and addressing of the
~arrays 26 a, b, ¢, d inclusive on card 16. The discussion above with
respect to the hardware environnent, specifically the description with
respect to Figs. 1 and 2 is for the pur pose of - indicati ng a typical system

in which the 'E%*L%hh@&%‘}r Phd Bl Qerft Smnarn%§% iQA’%QtEerL PS é?:fl GlsgRt Iy

enpl oyed. Fig ows a typica ress S structure arge m)ry
sub- syst em nmi F&sPeqic Feide Prafayred qmw@tentz@i%??% whilel e1§sslm@aﬂldﬁ!§ fawque
to each card ndr# J2i k5. PaOVi de card select. Thus, there would be a

possibility of 16 cards each card having one m|lion addressable |ocations.
The address bus structure of Fig. 3. is shown nerely for illustration of a
typi cal addr esmengins addreasf Dineatdsar g& taChe epem‘wmeyx,aa&d abﬁrdprtxai:éttxeqdﬁi i9

in any way |i the pI trono t he pre t, entron 12
7 The et hod ofgfhe ;%?%ss x%(r SVem éo%roceg?orsgg H‘esc mart"msubs’fs efny Wi

respect to a geatelr Brbassiboxlilethent hegiasf thehiadfrdss SMNhyrérettthm fal éwaﬁhart
of Fig. 4. Wejeafh afdrfatedd 86 4 @k ds the mloérafaatéesdh@@ aﬂpfﬁer;l@atts

request is sent to the nenory control processor 10 in the nenory su system
The control pPEEERRROFURD 3F htth 2pL FeNeS 19783 RAFTEES ISeShe Frawat in é’ &het r st
bit in the addcesfe BOaFLsBNEiMSpbdididk] i ve address line. Afirst data

At each step of the process, normal hardware error checks such as
parity are being performed to ensure that other failures unrelated to
the address test do not occur which could mask the address test being
performed. Next, a different data pattern having a maximum pattern
separation from the first pattern is stored into the inactive address

line position for the bit address bit under test.

For example, an all ones pattern might be stored into address zero
where the active address line position and the bit under test is the

.low order bit of the address.

With reference to Fig. 3, the structure of the address on the address
bus, the low order address bit position would be identified as bit 23.
\UJ Thus, with bit 23 on, the active address line position would be address
1 and the inactive address line position would be address 0. Again as
before, the normal hardware error correction is performed. At any step
in this process if there is an error indicated from the hardware error
checking the testlends with an isolation code indicating the cause of

the error is generated.

Next, all error correction circuitry is disabled in the memory system

and the data stored into the active and inactive address line positions



pattern such as an.all zeros:data pattern is then stored into that active
addr ess |mfupesgos2tion. At each step of & he process, nornal hardware error
checks such as parity are being performed to ensure that ot her failures,
unrel ated to the address test do not occur which coul d mask the address
test being perforned. Next, a different data pattern hawing a maxi num
.pattern separation fromthe first pattern is stored into the inactive &
address line position for the bit address bit under test. For exanple, an’
all ones pattern ht be stored intQ address zero where the active address
line pos@ﬁoﬂ‘%nﬂ%‘ﬁé“%i"ﬁ’%ﬁf@r et d2t2 ARR GOBRATAYUBLE BVt PHF 3pRectheddr ess.
Wth ref a8l uiberiof. data biwes Shrexrburis attddmenedldr ess on the address bus,
the | ow order address bit position would be identified as bit 23. Thus,
with bit 23 on, the active address |ine position wuld be address 1 and the
i nact i ve Aaptedsterhined lpmbie:iqfnamtdbbﬁe datidrhdgsedroragis sehsthagf thee, t he

nor mal - haldygy %an i@t @&3%?9 | $£Pald 9&% of laaRVh e ifyt hi s process

if there i’'s an error romthe h re error |ngthetest
ends wit rPaahIQ‘ééFa%‘“Bﬂr%G&Ee#dﬁd% PHEPAhear Addeess lifke féi*%‘&ie E8 generat ed.

Next, al |in@iéfedCaNd €RE it@BLCid eHadd Witls i Sedtopdidte bhkorTesAY.yY Sy em and
t he data stgred i nto _the ac ty’e and i nactive address |ine €05| téons

TUO- 86- o FFeterred embodiment of the preseny RVEN{ioN, $iX§YEMF ROMFAFRd@YThe data
are conparecdcdsipted\belfote addresselimt Lhilurebbs ioficktted.bits in error is
determ ned. A predeterm ned nunber of acceptable data bit errors is set

that the stystem can detect and correct. |If the nunber of data bits in any
all address lines have not been tested, the test then increments to

the next bit in the address as the active llne and the above steps are _
repeated. These steps are repeated until all of the address bits in o’/
the storage address have been tested for a particular card. It should
be noted, that when a nexe card is to be fesfed, there will be a.change
in the card select bits which are at the high order at the address and
each of the 20 low order address bits must be again tested as above for

each card in the system.

After the first pass is completed threugh all address lines in the
system, a second pass is then conducted in which the active address
line is again set to the low order address Bit and the second data
pattern such as all zeros is stored into the inactive address line
position address zero and the data pattern'that was stored into the
inactive address line position for the first pass is now std:ed into
the active ad&rese line position such as'storing all enee in address
one. Again, as before, the low order address bit referied to is bit 23
as shown in Fig. 3. Also, as before,'hardware error checks such as
parity are active to ensure that no unrelated.error masks the errors

which may occur as a result of the test being'cogducted.

As with the first pass, the data stored in the two addresses are then
read ahd compared bit By bit and the number of error bits are counted

to determine if the'predetermined number of acceptable and correctable



.

particul ar conpare exceeds that nunber, an address line failure is

Indi cated and the test is ended with an appropriate error code. In a
preferred enb@UPrREMO1df the present inventi®n, six errors per card may be
accepted before'address line failure is indicated. If all address |ines
havesnot been tested. the test then increments to the next bit in the
address as the active line and the above steps are repeated. These steps
are repeated until’ all of the address bits in the storage address have been
"tested for a particular card. It should be noted, that when a next card is
to be tested, there . wll be a c ge.in the card select bits.which are at
the hi gh or der®FAT™S e 88 ce@ SR Sath TbR BBt StonF RS Al B8 ¢ o
nmust be agai n exeedded, atheabeste is oendedcindiqatingnan leddeesst dime Anityre Rexrdr r st
‘pass is conpl gLgd through all address lines in the system a second pass is
t hen conducted in which the active address line is again set to the | ow
order address bit and the second data pattern such as all zeros is stored

![Et'? the i ?aCtIifVEIl?dd?%%%_ iid&?_ VeI hd'a@rbeadlck!:e.%asd Zi%_E:Ot_:lﬁand?&chﬁi ﬁé’és?_tﬁétﬁe&tn

at was stored.into the inactive address line posjition for the first pass
o how st or ed SHAFEF R de PR SRR SB€ AGEAES AOGFETD RLE BoR L Blen, 09 thy Sachnd
ones i n addr egpasonis. coripated fag “iehonext bhe dositimndén thedadbBesbit referred
tois bit 23 as shown in Fig. 3. Also, as before, hardware error checks
such as parity are active to ensure that no unrelated error nasks the
errors whi ch fh§ sheparaxes repgassd| forothe iseconss pagreiuntik @Al rddeass Riteidm t he

first pass, th@edfidRess ¥a0él Heldnt ipl¥Be130EER%3CS RN Sndul@NbE SREe@RHlat ARRAT €d
bit by bit and the nunber. of error bits are counted to determnpe if téy;.

pr edet er ni ned SAEHASIESE PIER At HBt SigRPoPT dOEaffdFess must be independen

exercised in that each card must be separately tested for all active
o : .
address lines on that card such that the twenty lines of address will

be tested independently and separately for each card selected.

As was commented upon earlier, the above sequence is the one preferred
but is not the only one, theory requiring the action to be completed..
The above seéuence give an address line failure indication virtually
immediately so that the test could be halted, but the total test time
is small enough for this not to be essential. It could be arranged
that each location used could have its comparison performed with one
order of the patterns before any comparison is performed with the
patterns reversed. This could mean that the datum location only needed

writing twice, one for each order of the patterns.

It should be further noted that the card select lines at the high end
of the address, and, obviously, these could be module or sub-unit
select lines depending on the memory structure, should be verified by
separate select test prior to the address line test which is the

subject of the present invention.

It should also be noted that the number of acceptable data bit errors
is dependent on the error correction capability of the storage system

and the number of spare memory locations per card/module/sub-unit, as



TU9- 86- 012 ' . 9 errors has been exceeded. If such -
nunber ofrue«gesnlibits has been exceeded,o the test is ended indicating an i
address line failure error code. If all address |ines have not been tested
for the second pass the next address bit is then made the active address”
bit position and the second pass is conducted for such next bit,positienfin
‘the address. The steps are repeated for the second pass until all address
bits in the address have been conpletely tested. It should be noted that
the card select bits at the high end of the address nust be independently
exer ci se@ePFFibRg: té‘&cﬁ““?&?‘&%ﬁgfr%§h§%i>é’f’a?%ﬂhym?meﬂ“fdor EfY exRlfe

addr ess liifnésubas sitatormcdicnidh ploatidéd dyt aaitbyadd Bestenf, astieass will be
tested independent!l.y_and separ af gl or_each .card | ect ed. ~ As

comment e(‘feﬂ% ncgﬁér Ihl‘yagr?net RR réi’bals’/ é@éuoenﬁcenf $5t ﬁ%ad(s)% e 8?9%rcrh éﬁy\ﬁ%ﬁni s not
t he onl y theepumbhe mfy aceaptablengatyerzots ds threke conpl et ed. The above
sequence give an address line failure indication virtually imedi ately so
that the test could be halted, but the total test tine is small enough for
thi s not TEdViElgs et pddress (liagureptpel dheaprRegnt Haventcn 19Oy ofrldded

coul d hawa stdragergyatemsd AnPriilcar érth ¥addesanpiner parial 1y Reiswist péms before
any conparison.is perfornmed with the patterns reyersed. This could nean
that t he "§RPTMIPSRAPPI I8 (Pe BRthes ﬁclcﬁ@t%ﬂ*c L3 REE FEFOREARR or der of

t he patt ehiseussetl advyald be further noted that the card select lines at-the
high end of the address, and, obviously, these could be nmodule or sub-unit
sel ect |ines depending on the nenory structure, should be verified by

separ at e Whéle dhet inyenpianphag dephparddeddasly  showp cand depcrAbed withle subj ect of
the presegeidié8Ntd QNprdfersdtd dhodiimant RdeRod£d 1t Ral 1t e LREENRGo® by

acceptable data bit errors is dependent on the error correction capability
of the st P%ﬁék%§%%%ﬁ{l the art that various changes in the form and detail &

may be made therein without departing from the scope of the appended

claims.
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and the nunber of spare nenory |ocations per -card/ nodul e/ sub-unit, as
TU9-86- 012 10 described, the number of spare chips
on eagh menor fUB6d91Fpr exanple, if doubl dlbit correction i's provided by a
storrage system "and each nenory card has one spare chip and one bit is read
from~gach chip, then-the nunber of acceptable data errors is three.
Trivially, the address line test of .the present invention is only valid on
storage systens in which each address line partially selects nore nenory
| ocations than the nunber of acceptable data bit errors as di scussed above.

VWhil e the invention has been particul arl Yo é@ﬁ{g and described with
reference to a preferred enbodi nent the ; i 11 be understood by those

skilled in the art that various changes in the formand detail my be nade
therein without departing fromthe scope of the appended cl ai ns.

TU9- 86- 012 : 11 CLAI M5 1. A system operated nenory
test conprisi Ag t 8sEYTH§MaeRArated FPRREY tatle somprRising testinteddrassotinesspect s

by systenati cahdepeh@siti1 o0 deherE HRAdky Qsﬁéétgnblp%ﬁrsééiﬂﬁ:%ﬁlbi P&ty deve to
a datum | ocati on ere.the addgess f the_location associated wiih a

particul ar adBF¥¥Y FOGRFPY Rep3995PsE Hdng AeIAFT YR 4P DIRBER 1RFFHOPRe S of
t he parti cul atheacddess bf nthei haatiat asbycidtiediwithaa dareidqidht edddress Qihbe

datum is that of the datum location but with the bit of the particular
address line inverted, by writing a data pattern into the datum
location and a divergent, preferably the inverted.form, data pattern
into the address line associated location, reading out the two patterns
with the error mechanisms, if ény, disabled and comparing the two
accessed patterns, the procedure being repeated with the patterns

reversed.
2. A test as claimed in claim 1, comprising the steps of:

writing a first bit pattern into a first memory word at an address

formed with a bit under test on;

writing a second bit pattern into a second memory word at an

address formed with a bit under test off;
readingldata from both of the addresses;

checking for a predetermined number of bit errors which constitute

a permanent error;

repeating the above steps for each bit in the address until all

address lines have been tested;

writing the first data pattern to the second memory word at the

address formed with the bit under test off;

* c L M s *
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| ocation and a divergent, preferably the inverted form data pattern into "
the address |ine associated |ocCation, reading out the two patterns with the*
‘ferror mechanisms, if any, disabled and conparing the two accessed patterns,
the procedure being repeated with the patterns reversed. 2. A test as” ..
claimed in claim1, conprising the steps of: witing a fkrst bit,patterM '
into a fiTWreeMHdry word at an address ¥drnmed with a bit under test on;
witing a second bit pattern into a second nenory word at an address forned
with a bit under ,test off; reading data from both of the addresses;
checki ng for. %388t AT50R4 ‘?ﬂﬁ?bg?t‘i‘}F“b?"t the ridrst BfTeRY condtatt Ghe a
per manent erraddresspizained withechabbise vaepxebdrongach bit in the address
until all address |ines have been tested; witing the first data pattern to
the second nenory word at the address forned with the bit under test off;
TU9-86- 012  reading data from both of theladdressesy t he second data pattern to
the first nmenory word at the . address fornmed with the bit under test on;
readi ng data fromboth of the-addresses; checking for a. predeterm ned
nunber of bit SRACKERSE fRKi & Predeterminade numbax; af kit ewargr whighdenssitiitieng t he
above steps f@lpeenskenti ériode;t hmgaddress until all address |ines have been
tested. 3. Atest as clained in claim?2, wherein the first bit pattern is
an _

repeating the above steps for each bit in the address until all

address lines have been tested.

3. A test as claimed in claim'z, wherein'the'first bit pattern is an

all zeros pattern and the second bit pattern is an all ones pattern. L

4. A test as claimed in claim 2, where the memory is a multi-card
storage array and wherein the predetermined number of bit errors which
constitute a permanent error is six errors for each card in the

multi-card storage array.
5. A test as claimed in claim 4, further comprising the steps of:

selecting a memory card in'said multicard storage array by setting

one or more predetermined card select lines on; and

repeating each of ihe above steps for testing for address line "
failures separately for each card in said multicard storage array.
6. A memory system incorporating a test as.claimed in any preceding

claim.

7. A data processing system including a memory and incorporating a

test as claimed in any préceding claim.,

AT



ald” zeros pattern and the second bit pattern is an all ones pattern. 4. A
test as clainmed in claim?2, where the nenory is a nulti-card storage array
and wherein t BE27186508%2 er mi ned nunber of bit®3errors which constitute a
permanent error ‘is.six errors for each card in the nulti-card storage
arrayw’5. A test as clainmed in claim4, further conprising the steps of:
selegting a nenory -card in said nulticard storage array by setting one or
nmore predeternined card select lines on; and repeating each of the above
steps for testing for address line failures separately for each card in
said miticard stol gated df%aafhed i\ JIRADE L15¥3\6CBYI ACORPP! BhEAMDeR dPST S
claimed in any preceding claim 7. A data processing systemincluding a
menory and i nEeFissmathefeat rusematdcellyi ARBLn any preceding claim

TU9- 86- 012 13 8.. A systemas clainmed in either claim
.6 or claim?7, arranged to performthe test automatically on I PL.
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