Docket No.: 200300013.1 SYSTEM AND METHOD FOR TESTING MEMORY AT FULL BANDWIDTH
BACKGROUND [00011 From time to time it is important to test computer memory to be sure that a bit,
such as a 1, reads as a 1 when that location is read from. It is also important that when a 0 is stored at
that same location at a later time, a 0 is subsequently read therefrom. This test is important to in order
to detect and correct stuck bits and thus requires a cycle from a "1" to an "0" and back to an "1" to be
certain that a bit is not stuck. [0002] In some situations, the system can not direesiis mceess@atain
memory locations so detecting stuck bits is difficult. For example, the bits used to store a tag for a

cache line are often not dlre é ﬁé éﬁf I ﬁﬁﬁﬂlﬁﬁ invsible to the.
user process becabX& ¥ g&fi’ S@ﬁ'&%&ﬁ% %ﬁi‘fegs%efe data’'is co éPci? when it is
read from memory. Thus, ECC bits are self-generated dependent upon the bits stored at a particular
location and are not stored under user control. [0003] Currently, systems use a software loop which

walks through every single address in memoryBdaK&RAWERern, reading it back, then writing the
inverse of that pattern and reading it back. However, because of the issues with the tag and ECC bits,

four loops through menjeog1ha\Redypies iy beerit iciegesany tioresestmpu o mpesery. tHHBstirénhaystems
having arge Mgrglies e ARG YhiR1RE RIGGESS: R4 Honf R VURL HBBRANRENRGRAIS gdded the

amount of initialization timé increases. SUMMARY  [0005] Embodiments provide systems and methods
for testing a QTS WRETRMslaeation sha perime- Cistulsearratlcsad et aFhid tesbitiirectly
accessed Commﬂsmmmumagoadﬂmamﬁwwmmmmt@iﬂhmmmede@mmﬁmmraw data bits,

copying certaig, of t ulat d data hits 9 th | g ly accessible data field, replacing the
P T

t
certain copied Known bits with bits f“esa |rllsgn rom JORing the copied data bits with bits read

from the non- directly acceSS|bIe field, and checking all the data field bits at the address location for
mismatched data bits. {998 e ARASERAHRIRRD S Byetemyean, nof ditestlyiATEesS GEHAR BIATYne of 1

locations so detecting stuck bits is difficult. For example, the bits used to store a tag for a cache
line are often not directly readable. Also, error correcting codes (ECC) are also invisible to the
user process because the hardware generates those bits to make sure the data is correct when it is
read from memory. Thus, ECC bits are self-generated dependent upon the bits stored at a

particular location and are not stored under user control.

[0003] Currently, systems use a software loop which walks through every single
address in memory, writing a pattern, reading it back, then writing the inverse of that pattem and
reading it back. However, because of the issues with the tag and ECC bits, four loops through
memory have typically been necessary for testing purposes.

[0004] In systems having large memories the existing bit testing process is time

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

SUMMARY

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

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



Docket No.: 200300013-1 the certain address locations, and at least some of the known data bits that
are copied into non- directly accessible data field. The bits which were copied from the data field are
replaced with " bits resulting from X/ORing the copied data bits with bits read from the non-directly
accessible field, and all the data field bits as the address locations are checked for mismatched data
bits. BRIEF DESCRIPTION OF THE DRAWINGS [0006] FIGURE 1 shows a representative diagram of
several memory lines depicted during a write operation; [0007] FIGURES 2A apgdRoSheyoa {iagram
of the memory lines of FIGURE 1 during a read operation according to one embodiment; and [0008]

FIGURE 3 shofigscsrtrimaddrsse incatiens s leastomp pfithg keowmdatachits thpt@rg qepiedinta@@RE 1 shows
several lines OgiegiiyaccasyipleaRed itid) TRELRE MAtE Warldcdifidd Framdrenfads fdd igldepp@mppemory

lines, for example, lines 0 and SO contain g tag , field, which is, shown for generalization, As will be
detailed hereriTnlgﬁéF,s %@%g{/ 0l eﬁﬁﬁ%ﬁz&l?\ ?ﬁ%%@r&é?rﬁ?ag tROBTETRE %ﬁ%ssétf@e data
fields are copidilitmddl (e Gafadidldntd, af thp pddiesokerations erel abeckerd finomismatabediddt titg., a second
data field, are copied into the tag field. If the ECC field contains 12 bits, for example, the first 12 bits

from data field 0 may be copied to g}ﬁﬁq# j i - ?D%R ield is shown having 26 bits,
thus the first 26 bits from data field T may e%é%#eﬁ%ﬁ%%ﬁg? leld. co%rse, portions of data fields or
combinations of data fields may be utilized in providing the appropriate number of bits for a particular

field, such as the aforer AN ECRE PR A TERI AR UYCIasran AL BERGTe, the ECC and

tag fields are fiidpisterbthering |y Wi tessedibyy, testing routines and usually cannot be directly read. Any
other fields in the data line can be similarly handled, if desired. [0010] FIGURE 2A shows line 0 during

the read operation whergoted)1 2F3RES 2 AhadE2BGhield aisgraxch tivenehdiyHads bIFiGUREQriginal 12
bits from data IQ%k 0 an the {gsg(lzts upi Ig osnré%ulgoggn %IIlIt.zerg's) are read back into block 0. The
reason the restif&8Atié %’fﬁi ShATHA BeeR/TE FEBRCALEE TR bits in the ECC field are the same as

the bits in block 0, 25253531.1
[0008] FIGURE 3 shows a flow chart of one embodiment.

DETAILED DESCRIPTION

[0009] FIGURE 1 shows several lines 0-N of memory, each with one or more data
fields and one ECC field. Some memory lines, for example, lines 0 and 3, also contain a tag
field, which is shown for generalization. As will be detailed hereinafter, when the system is
initializing the memory, some data bits from one of the data fields are copied into the ECC field
and, if appropriate, some data bits from a data field, e.g., a second data field, are copied into the
tag field. If the ECC field contains 12 bits, for example, the first 12 bits from data field 0 may be
copied to the ECC field (bits 132-143). The tag field is shown having 26 bits, thus the first 26
bits from data field 1 may be copied to the tag field. Of course, portions of data fields or
combinations of data fields may be utilized in providing the appropriate number of bits for a
particular field, such as the aforementioned ECC field and tag field, if desired. As discussed
above, the ECC and tag fields are fields not easily accessed by testing routines and usually
cannot be directly read. Any other fields in the data line can be similarly handled, if desired.

[0010]) FIGURE 2A shows line 0 during the read operation where the 12 bits from
the ECC field are exclusive OR (X/OR) with the original 12 bits from data block 0 and the
results (which should be all zero’s) are read back into block 0. The reason the results of the
X/OR should be zeros is because the bits in the ECC field are the same as the bits in block 0,

25253531.1



2 Docket No.: 200300013-1 because it was those bits that were stored in the ECC at the previous
write, as discussed with respect to FIGURE 1. If the bits are not all zeros, then an error is detected.
[00111 FIGURE 2B illustrates that this same operation occurs with respect to the 26 bits from the tag
block, if tag block is present. [00121 The operation of the system and method will now be discussed
with respect to flow chart 30, shown in FIGURE 3. Memory initialization begins in process 301 by
setting the memory data path (MDP) block in a mode such that it will take a caeskofshmodaesfields and
store them intp the tag and.the ECC fields, as djscus bave. In this example, the ECC field is 12
it and the XTI L8 e BSRIHB Y SR AL B0 B e A PR T AR B F I GURE 1)
and puts thoseekptstintFIGVRICT fight tassoemotglhzergsfibio mn preosesndptectkds a copy of 26 bits from
data field 1 (FIGURE 1) and puts those bits in the tag field. 100131 Process 302 sets up the mode to
Ejake :cheldECC field (andhmﬁ 10 FRWURE m&%twglﬁnﬁbﬁfﬁeh@ﬁdﬁiﬁ&&iﬁ :»jagtmbqumﬁel bits from

ata fields 0 apd 1. At this point, the. system is ready to loop through every address in memory to test
the memory. %‘y&ég@ %?%%Qa}fé\éﬁ?%ﬁ%ﬁ%‘é application of a randomly generated pattern to
all the addresses in memory. At point 306, all the memory locations have the random pattern stored
therein. The ECC and tWé”fz fEESRSFAtiQRIP s RS Wﬁ\‘!ﬂb?&‘f‘fﬁé‘ﬁ%&ﬁéeﬂi@‘gémﬁglds 0 and
1, as discussefiehaart3n)chesnFGFTOERE 3havieades S thdiruitin belins inigractds 89$ by ketiigs 307

performs  regg 194he AAMSSRRKE! ARG SheiNBLIRARAILRURLIS SuAnPRYRRLIRr 2nd

that the fields 0 an Ich were copied to the ECC (and tag) fie ave been replace }/O'S. Thus,

the first 12 bitStyE e fripiter i 3 heFS ¢hislon asdipsrated abgrsyra thissuemplsatie Sl feldiant to that
field. The remginifgsatdiel ks sz tats) sotihe spien Rasatépecifieal 3veiss ofiganafiymMditom. When
process 307 r ata.fie|ds, the Os shqul cted in the first.12 data hit ,gositions (and in
data bit positigﬁs‘q%’gg ¢ f%?aedla ,??‘fséeg’ k%t'sn%’rgl%g;esgﬁigé %n%rsl%Nah%a% ﬁsd%jést lggé%,itrtfﬂe(ﬁstﬁgomemory is
clean. Procesef20disifrem atadisbbEEIGURE Fhandanwissheserbitsinthosag figldten during the previous

write operation (this is the bitwise complement of the random pattern which causes all the bits to flip).
Process 309 checks if theoiagt diotessSths:ts@pnhecacdctd take the ECC field (and the tag field, if

present) and exclusive OR those bits with the copied bits from data fields 0 and 1. At this point,

the system is ready to loop through every address in memory to test the memory. Processes 303,
304, and 305 control the application of a randomly generated pattern to all the addresses in
memory. At point 306, all the memory locations have the random pattern stored therein. The
ECC and the tag fields of each memory line have a copy of the data bits from fields 0 and 1, as
discussed above. Process 306 resets the address pointer to the first address. Process 307
performs a read to the address pointer and checks that the data is equal to the random pattern and
that the fields 0 and 1 which were copied to the ECC (and tag) fields have been replaced by 0’s.
Thus, the first 12 bits of data field 0 will have 0’s therein, regardless of what random pattern was
sent to that field. The remaining data field bits would be the random pattern that was originally
written. When process 307 reads the data fields, the Os should be detected in the first 12 data bit
positions (and in data bit positions 0-25 of field 2, if tag bits are present). If this is what is
detected, then the memory is clean. Process 308 writes the opposite of the random pattern that
was written during the previous write operation (this is the bitwise complement of the random
pattern which causes all the bits to flip). Process 309 checks if the last address has been reached
yet. If not, process 310 increments the address and the loop through memory continues.

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

25253531.1



yet. If not, process 310 increments the address and the loop through memory continues. [0014] After
this loop, process 311 resets the address pointer back to the starting address. Process 312 is part of a
final loop through memory, this time checking that data equals 25253531.1 3 Docket No.: 200300013-1
the opposite of random pattern and that fields 0 and 1 are still 0's. Process 313 writes all 0's to the
address so that each memory location has been initialized to zero. Processes 314 and 315 loop
through the addresses until the last address is processed. When complete the magénaryziosdboizave all

zeros written to it and eveﬁ/ggi has been fgf%%% and tested for stuck faults in memory. At this point

every locationl§ AREATHF? BLRRtsEEs Rk are SHY AR FRsesS adh WIS 83 18 all zeros.
Note that the slysiddnesssd thetlbanh ownidridsetdtieninsiwetyititializgditoezess Phomssasd vamiallsl load the

entire memorx%@%ng&méasaﬁe@&m;a% iR l&i&%ﬁ 8%!%&?&.%%%&@? %‘ﬁ%ﬂg ' he final

phase before t IS put into the normal operation according to one em , IS to put the

MDP back intda¥fcaH aasearrBertoftapg eigbrbivhas peee dippetind testen forstiek fapdtedrar®anof the
mode, which gausRSHikOe¥éRFobafickah Aldchbr{ has iskd tettad erdstuckal\ialt 48d3i56 Ristyeack to the mode

where it calculates ECC normally and stores the ECC and its as it normally.wquld. The memory is
initialized and‘@t}é%g ﬁ%aiiéﬁ“ﬁe ﬁ“&%@é‘%?%&?&bﬂi%ﬁ°ﬁ&§?%b%&%%&ﬁ% 73??“ eHitation to
support thesedisadesior opdrbived the eytins memamo@rapertivels ithaeriraidtestUS T exossem(RgeR) settings. The

CSRs are setrggr&%hg foHlERits and pass them to MUX (not shown) to choose whether those bits
should also be stored in the ECC or tag fields. The MUX would take as its control signal the CSR value

for the mode bit and ch(ftgéleé Wﬁ%graﬁo ﬁé?é%e‘x%?e ormal ener%ﬁ% cCnor taeoc‘g{)_gtyogf data 0, as
discussed, with respectto ‘G P Phere s A separate CER CONtrol bit that Acts as a MUX select for

the tag fields. aeronithertaree mrbeditacnbdsitapph thedvidh pagk b nerakmadees epsattisnetifer it is to
store zeros (inyrasdd NI URiAGnYARMR REKSIBN 6P]E AO&S WeH JlsB N e DR KR 5EMABOLT] The

result of the S%%} sn(]niJI gg‘{sr? e'mg%gisd 5 &”Eﬁ%‘ic\?tg eenrlrc])(agywhere it calculates ECC normally and
stores the ECC and tag bits as it normally would. The memory is initialized and is ready to start

being used for executing normal code.

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

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

[0017] The result of the system and method just discussed is a memory
initialization algorithm used to pattern test all memory with only three loops. Using this
arrangement, it is possible to check stuck faults for every single bit location in memory. The
system and method discussed above causes the direct checking for errors as it moves through all
the addresses, so it knows whenever a field is non-zero or that the pattern does not match the
pattern that was written. This is in contrast to systems where the software writes patterns but
does not actually check the data. In some systems, there may only be a check that the chip set
did not log any ECC errors. In these systems, the ECC mode remains on during initialization.
The hardware will log an ECC error and the specific address that had the error. The problem
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initialization algorithm used to pattern test all memory with only three loops. Using this arrangement, it
Is possible to check stuck faults for every single bit location in memory. The system and method
discussed above causes the direct checking for errors as it moves through all the addresses, so it
knows whenever a field is non-zero or that the pattern does not match the pattern that was written. This
is in contrast to systems where the software writes patterns but does not actually check the data. In
some systems, there may only be a check that the chip set did not log any ECGogérsss2onothese

systems, the ECC maqde remajng on during initialization., The hardware will Jog an ECC error and the
e o2 T PR P HR PRI Ss F50iesy 0 S t5ethm IS OB SO with such
systems is thatitentemvadyadgrsts rers ondetweidhd toee gbe mEmosy systemsnftaetuelly duiitfon to read

address zero, gne, 1o, 2nd SNESHAREISR M SHFIEACARARIARLAR AL &RMBIGw ipilag order of

three, one, zero, two. Accordingly, these systems do not know'which address was the first one that

with an error. PEfrEsERS e fiesh pRrathal ¥iE anisrent. | SR EHmples aseums; Agdross e doagedap EGGe, and two

cannot be assefred Addresgreers)0ae, e metannstHesisinanodrspdddateat herprysistéith the
system and method dis sse%lab ve, software actuall cks each bit for each address and
cows axactly WFArDAp e aeE, WSACAAGAG R Res 2R aot Bt SRR id

processors at fiitdka sachibforoaainaddrasa rad kaews oxaethy whacthefiscasidrass iethathastia emenber of
passes throughri¥epeRichas RFRTBLEP BRSSrobustMUE iR elinatiyadpes not test every bit is to write a

random pattern to all memory in the first pass. In the second pass, the system reads back all the data

that was written and thelrb(yyg'fesAt};lg@%gg%%%@%&f{me%gm&m{p\g%& mg%lsly

written. On the third pass, the system reads back the flipped bits and checks those bits and'then writes
zeros. The proBREPARYIT tSSHREPLpeasinbYt fh%tf%&@gwrgleﬁaweatmalmmﬂw%@géqﬂe ECC
locations. By fijapéngtalliiifetiate iithd fiesasssnTy e sécombpdictieGistbiisans Bitlalnas et aadbits, and
thus would automatically flip when.the data bits changed, Hawever, such. not be the, situation.
Since such a s?ﬁgﬂ%%%aﬁ(ﬁmﬂe%ﬂ%sm%cﬁﬂf ?ﬁlgeé&%?fse? (()ﬁrl,pglarllﬁ ﬁveé—% L}gﬁ'?r/vevgsdp Rese Bfts, there is
no assurance writtehe BCIS thirdpassaiicishisiemacads hack tioflipped bits and checks those bits and then

writes zeros. The problem with such a system is that it does not have a way to directly access the
ECC locations. By flipping all the data bits the assumption is that the ECC bits are error
correction bits, and thus would automatically flip when the data bits changed. However, such
may not be the situation. Since such a system cannot directly modify the ECC bits, nor, can it
actually read these bits, there is no assurance that the ECC (or the tag) bits are correct. For
absolute assurance, it is necessary to add another loop to figure out which bits were not modified
and then change some of the bits in the data so that those corresponding ECC (or tag) bits would
get flipped.

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

pinpoint.

[0020] As discussed above, one of the improvements of the instant system and
method is that the underlying process has visibility to every address, so as soon as it gets a
miscompare, then it knows exactly which address has a problem.

25253531.1



absolute assurance, it is necessary to add another loop to figure out which bits were not modified and
then change some of the bits in the data so that those corresponding ECC (or tag) bits would get
flipped. 10019] Another problem with the just described solution is that upon detection of a
miscompare (an error) there is not a good method for determining where that error was. A simple
example of such a problem is that the system cannot determine if the error isOnckaeNactag)3eiata-bit, or
in the ECC bits which change depending upon the data bits. The problem is compounded by memory
reordering during the write cycle. Because such %M@ rely on the error detection chip to spot
errors, which, in turn, relies on a proper ECC code, errors are hard to pinpoint. [0020] As discussed
above, one of thgrppseygmedts: of the instant system and method is that the underlying process has
visibility to every address, so as soon as it gets a miscompare, then it knows exactly which address

has a problem. 25253531.1.5 et.No.: 200300013-1 CLAIMS What s claj is, 1. A method of
tosting a memoty whes TFRLEL ST AR A e e R ATETE Fat e
non-directytaocessdskelosatth nsetteotb oatimpeityray.cpsyulka thagd tstiod chadatprfedhd (DATA) within one of

said address loc¢ations. wjth. random,, d i ) i rtain of said bits, of saj ield into
bits of said non%ggﬁwgct@gsssﬂgé c}gtﬁaﬁﬁgﬁéjﬁ ‘%‘@%@)@%ﬁuﬁ%@%‘{ﬁ t%gtlgi%wg%?g%%% % Eglla]lid data
field withdateshiés (B868Y from X/ORing said certain bits of said data field with bits of said non-directly
accessible data fi AN eck| id certai Id.hits. of sai ta field at said
address Iocatioﬁé@?JI rﬁ%%rnté% %f?égaggtg:' tﬁ}.t@kggﬁ‘l’ﬂ?ﬁ%@ }ht&rr%)gg §?§§rhsoﬁ %ﬁ%%lg/ %c‘%n%aﬁ%rr%gq%%
field (301, 303);
replacing said certain of said bits of said data field with bits resulting from X/ORing said
certain bits of said data field with bits of said non-directly accessible data field (302, 307); and
checking all said certain of said bits of said data field at said address location for
mismatched data bits (307).

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

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

3. The method of claiml further comprising:
at the completion of said checking step, repeating said populating, copying replacing
steps for each address location, one at a time.

4. The method of claim 3 further comprising:

at the completion of said repeating step, repeating said populating, copying, replacing
and checking steps for each address location, wherein within said populating step each bit that
was originally a ‘1’ becomes a ‘0’ and each bit that was originally a ‘0’ becomes a ‘1’ (308).

5. The method of claim 4 further comprising:

at the completion of said repeating steps, setting all address locations to ‘0’ (303).



at the completion of said checking step, repeating said populating, copying, replacing and checking
steps, wherein within said populating step each bit that was originally a "1' becomes a "0' and each bit
that was originally a "0 becomes a "1' (308). 3. The method of claiml further comprising: at the
completion of said checking step, repeating said populating, copying replacing steps for each address
location, one at a time. 4. The method of claim 3 further comprising: at the cobepietiom: @083(1aD13-1

repeating step, repeating said é)opu_lati_n , copying, replacing and checking steps for each address
location, wherefh withif $88¢hg8 pordniindednd SdBaBRh ARIhASBAG IFRIMESNYbecomes a "0’ and each

bit that was origiagihy an O RASREIRS %&Séaﬁmre%e@h%‘o%m@rﬁéﬁ}f{%ﬁﬁfw&hﬁ eRmpisigoat the

completion of said repeating steps, setting all address locations to "0" (303). -6 Docket No.:

2003000%dIMMANNItA G HlfiRgiRs E0RERTMIFIBAId method comprising: setting an initialization

mode with respgghjmgaighIRMEEY 3R BHEING SRfnfishintn SR INSNsiy R-AdRitisyineaddress
location 2303); co Jlfnr% certain of said data bits into at least one other field at said particular address
[

location (8@ 7 Q%mparing said certain of said data bits copied into said at least one other field

with said certainiak eaifgaifgRisiaetiprbcie sas neyeipied ridriatisyie btk arisaid

comparison (307); and reading said data bits from said address location, thereby checking every bit at
said parfiitaRidEEals Rf b ATEdHS MarRlatdiecaiBrcerain Bfitath datedhipMatiditedtng Al inverse
of said dm?gﬁsj@,ﬁqg@}g; ByMory at said address location (308); copying certain of said data bits into
at least one field of said particular address location (301, 308); second comparing said certain of said

data bits copied‘?ﬁ%"@a‘-’l@"&ﬂ?é%@!térﬁ@ﬁlﬁ%ﬁdf@@ress location, thereby checking every bit at said

particular address location (307).

7. The method of claim 6 further comprising:

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

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

second comparing said certain of said data bits copied into said at least one other field
with said certain of said data bits and replacing said certain of said data bits with bits from said
comparison (312); and

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

8. A memory test system with at least one non-directly accessible bit field (ECC,
TAG) at certain address locations within a memory, said system comprising:

at least one directly accessible bit field (DATA) at one of said certain address locations
having within it known populated data bits;

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

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

and

checking circuitry for comparing all bits of all directly accessible data fields at said

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

-7-



with said certain of said data bits and replacing said certain of said data bits with bits from said
comparison (312); and reading said data bits from said particular address location, thereby checking
every bit at said particular address location (312). 8. A memory test system with at least one
non-directly accessible bit field (ECC, TAG) at certain address locations within a memory, said system
comprising: at least one directly accessible bit field (DATA) at one of said certarkadidre230300zitans
having within it known populated data bits; copying circuitry for copying certain bits of said known

populated data Bits intd Hiey/sler8ah AripL e Horrdniaahsaiccdaiaibrl bRitriRe(ade, 303); bit
comparison CirgyjiyAEReRATNEesaId, ayiRlRis MitheBits SrtHIRAVERT JHATRRAMHAG Sgiddqrtain bits
with said bits of said non-directly accessible bit field (302, 307); and checking circuitry for comparing
all bits of &Il-directly accessible data fields at said certain address location against data bits expected
to be at said address location (307). -7 Docket No.: 200300013-1 9. The system of claim 8 wherein
certain of said daa fiefthbitydnehiciecibits 8isérainadid bie COmpadsnliassuithyvinethesssaid bits were

populated "0".ora "1" 10. The system of claim 8 wherein said bit comparison circuitry includes:
b XIORA(AREFTeut





