1., A METHOD AND SYSTEM FOR DETERM NI NG WHI CH MEMORY LOCATI ONS 1fvoJeg HAVE
BEEN ACCESSED IN A SELF Tl MED CACHE ARCHI TECTURE- FI ELD OF THE!PMIE

The present invention relates generally to self tined cache architectur

and nore particularly, to a systemand nethod for determ ning which nmain
menory array |ocation has been accessed in a self-tined cache.

BACKGROUND OF THE | NVENTI ON Self-timed circuit techniques have | ong
been used in nmenory designs, finding their way into both static and

dynam ¢ random access marmrle RANG 4 t
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insight into internal operation, making observability at the input and

out put pins only. In RAMs, the function being performed is sinple
enough that testability can be secondary priority in the overall design

process. FIELD OF THE ENVENTION  on of a sinple RAMis to store and
- retrieve data, and this can be performed with self-tinmed techniques rather
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- match. If such a match occurs, then a secondary menory is accessed to
' sel ect t hbBaseesnsacaessed in Adelf Gﬁneqf‘a“ﬁe-rratch is not found, the information is
“typically retrieved fromthe main nenory and sent to the requestor as well
as being

BACKGROUND OF THE INVENTION

Self-timed circuit techniques have Iong been used in memory designs, finding
their way into both static and dynamic random access r:nemories (RAMs) and the more
complex f;ontent addressable memories (CAMs). Testfng memories with these designs,
however, can be very difficult as self-timed circuitry tends to provide little insight into
internal operation, making observability at the input and output pins only.

In RAMs, the function being performed is simple enough that testability can be
secondary priority in the overgll design process. That is, the sole function of a simple
RAM is to store and retrieve data, and this can be performed with self-timed techniques
rather easily. Failures can, thus, be determined readily as the function is not extremely
comp_lex.

In CAM architectures, such as those being utilized as caches, the problem is not
so simple. In such architectures, arrays of tag bits are compared with an incoming
address to check for a match. If such a match occurs, then a secondary memory is
accessed to select the desired information. If a; match is not found, the information is

typically retrieved from the main memory and sent to the requestor as well as being



2 stored in the CAM Probl ens, -then,. arise in the access of the

- secondary nmenory. Since the tag matching functi'on may sel ect any nenory

| ocation in the secondary nenory array, it is typically extrenely
~difficult to determ ne which |ocation has been selected. This creates a
“problemin determ ning which |locationin the secondary nenory (if any) are
.failing due to process errors, design problens, etc. Determ ning which
~menory location has failed is extrenely inportant as factors in

- manuf act urstgred isdeCAMI n bit-mapping the nenory array for fault isolation
to direct design characterization, design nodifications, and repairing
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memory array for tfa]lufjt‘ 1so?at10n to direct design characterization, design modifications,

and repairing with redundant elements.
There are typically two basic types' of CAM architecture being utilized as a
_ cache: clocked cache architecture and self-timed cache architecture.
i i

Typically, in a clocked cache architecture, determination of which locations in the
secondary memory can be accomplished by channelihg signals utilized to select a
location in the secondary memory through a set of latches. The set of latches are
typically set up to receive and forward the selection signals in a serial fashion to the
secondary memory.

In self-timed caches, an operational clock is not available for resetting the set of
latches. Therefore, the conventional configuration of CAM, secondary memory and
latches is not suitable for a self-timed cache.

Accordingly, what is needed is a method and system for determining which
secondary memory array location has been accessed in a self-timed cache. The present

invention addresses such a need.



3 SUWMARY OF THE | NVENTION - The present invention provides a
met-hod and system for providing observability of nenory address access for
self-tinmed cache designs. A systemaccording to the present invention for
determ ni ng which nmenory | ocation has been accessed in a self- timed cache
conprises a content addressable nenory3d a secondary nenory coupled to the
~ content addressable nenory, wherein the secondary nenory includes at |east
one nenory |ocation which nay be sel ected by the content addressabl e
menory baSEMMARY OFSEHE INVENTIONe access. The system further includes a
test circuitry coupled to the content addressable neoory, wherein the test
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response to the sélf-tinmed cache access. The present invention has
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out through an LSSD scan node to determne if there are any faults or

def ect s* i fimetlcachm\cemprisssta gontent aggressablEmemORT | oxcomdarymepronyrooapied to

Figure 1 is a block diagramof a conventional clocked content addressable

menory anthescontent adgressable memotyn whereilt thefsecondatycmembiynincludes heleastcome nor y
| ocati on. Figure 2 is a bl ock diagram of a conventional self-tined
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determning a cte | ocati on. Igure 3 1s a'block diagram

of a syst g Qim&fiahy ald. Weci}sgﬁﬁﬁ{r}helr efide§d test circuitry coupied t&Fthe
content addressable memory, wherein the test circuitry stores a pointer which points to a
selected membry location in response to tﬁe self-timed cache access.
The present invention has not been found to affect the timing or increase delay of
a self-timed cache design. The system and method according to the present invention
provides a shadow function to mimic operations in parallel and storing information into a
register file. This stored information can then be read out through an LSSD scan mode

to determine if there are any faults or defects in the CAM circuitry.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a block diagram of a conventional clocked content addressable
memeory and secondary mem'ory architecture for determining a selected rhemory location.
Figure 2 is a block diagram of a conventional self-timed content addressable
memory and secondary memory architecture for determining a selected memory location.
Figure 3 is a block diagram of a system for determining which memory location

has been accessed in a self-timed cache according to the present invention.



has been accessed in a self-tinmed cache according to the present invention.
4 Figure 4 is a block diagramof a rowidentifier test circuitry
according to the present invention. Figure 5 is a timng diagram
for the systemand nethod according to the present invention.

DESCRI PTI ON OF THE | NVENTI ON Xhe present invention relates to a
met hod and system for providing observability of nmenory address access for
self-timed cache designs. The foll ow ng description is presented to enable
one of ordinary . skill, in e art to ke and use the.invention.and i
provided in the Pcs!%‘HFe‘lxls %%’ﬂ’ﬁk?ﬁg&‘f‘ ‘gaiﬁ)fq%&g%ﬁeratﬁg qlﬁcgltfyeﬁ‘fﬁ"(@ﬂ%g? §I.?e
Various nodifications to the preferred enbodi mrent wll be readily apparent
to those sPRFEseRidINVentiadle art and the generic principles herein may be
applied to other enbodi nents. Thus, the present invention is not intended
to be linmted tFigire Seisttimimgndiaghamviobile systern@andanethod acodeding e thé present
scope consistent with the principles and features described herein.

Figure 1 shgwatignb! ock di agram of a conventional clocked CAM and secondary
menory architecture which can determ ne sel ected nenory | ocations. The

bl ock diagramof Figure 1 includes a clocked CAM array 100 serially
coupled to nenory array row | atches register 102, which in turn is
~serially cq ‘ S r array 104. ~ In standard

- cl ocked des ) éﬁﬁmmé% as those in the nmenory array row
- latches register 102, are easily inserted into the conventional clocked CAM
100 and The present invention relates to a method and system for providing observability

of memory address access for self-timed cache designs. The foll_oﬁviﬁgwdeScripticn‘ is
presented_to enable one of ordinary skill _in the art to make and uSe.the invention and is
: brovided in the context of a patent application and its requirements. Various

modifications to the preferred embodiment will be readily apparent to those skilled in the
art and the generic principles herein may be applied to other embodiments. Thus, the
present invention is not intended to be limited to the embodiment shown but is to be
accorded the widest scope consistent with the principles and features described herein.

Figurc 1 shows a block diagram of a conventional clocked CAM and secondary
memory architecture which can determine selected memory locations. The block
diagram of Figure 1 includes a clocked CAM array 100 serially coupled to memory
array row latches register 102, which in turn is serially coupled to a secondary memory
arr'zi-y 104. |

In standard clocked designs, scannable latches, such as those in the zmemory array
row latches register 102, are easily inserted into the conventional clocked CAM 100 and
secondary memory 104 architecture. The sighals from the clocked CAM array 100

select rows of information in the secondary memory array 104, where the secondary



~ secondary* menory 104 architecture. The signals fromthe clocked CAM array
100 select rows of information in the secondary nenory array 104, where

t he secondary 5 menory
array 104 is constructed as n rows by mcolums. Each row represents a
menory address, while each colum reprgsents a bit in the resulting nenory
word. A single pointer is typically utilized in the nmenory array row

| atches register 102 to identify selected nmenory | ocations of the
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i nformation fromthe row | at ches register 102, .the actual sec038§¥ menory
104 | ocat i Siglecpinteg ds Bipically utidived i the. MEMBEY AERY:FOW jatehessegisler J8atPy any
failures (data m smatches) fromthe secondary nenory 104 can be sinply
traced to tdentifypselecttd membriyrotdtions of dye segondasy memogy aray 104nt Bauss inf t he
row | atches register 102. This can be acconplished, for exanple, with a
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row |atches register 102 of Figure 1 use, for exanple, sinple LSSD
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a | oss of per ornance |nce es regrs I'S seriarly coupl ed
to the CAM ¥ %p d secondary nenory array 104, the cl ocked cache
architectu? h ny del ayed by the latches register 102.

Recent |y, self timed cache designs are beconmi ng nore opuI ar due to hi gher
per f or mance, | ok@empBigure 1oifiran B tha by seanning digip! theafo®d wi t h

latches register 102, the actual secondary memory 104 location selected by the CAM 100
éan_ be determined. Consequently, any failures (data mismatches) from the secondary
memory 104 can be simply traced to the row selected in the array by observing the
contents of the row latches register 102. This can be accomplished, for example, with a
simple Level Sensitive Scan Design (LLSSD) scan approach. The memory array row
latches register 102 of Figure 1 use, for example, simple LSSD scannable latches.

A prol;lem caused by the latches register 102 is a loss of performance. Since the
latches register 102 is serially coupled to the CAM array 100 and secondary memory
array 104, the clocked cache architecture is noticeably delayed by the latches register
102.

Recently, self-timed cache designs are becoming more popular due to higher
performance, lower power requirements, and other advantages associated with
eliminating clock signals.

However, as previously discussed, in self-timed caches, there are no latches that

can be inserted. That is, a latch typically maintains an assumed condition until it is reset



el imnatizng cl ock signals. However, as previously discussed, in
self-tinmed caches, there are no |atches that can be inserted, That is, a
| atch typically maintains an assuned condition until it is reset

6 by the next clock signal. Since there are no clock signals to reset a
latch in a self-timed cache, the use6of |atches to determne the sel ected
menory location is inconpatible wwth self-tined caches. Instead, the CAM
array produces an address which goes into the secondary nmenory array

directly. G?rtﬁ@ ABRE1bok sikR&L. SSinte et Are A6 bREK sighdls 16 lreset @ datch @ atselfrithed
- the secondafy nenory is not stored and cannot be easily retained in any

Lo SN0 oL, Lot ol BB 0 ReRB osaion s eogss ©
LT it b 6 AT 5 el AR S

In Figure 2, the signal labeled as "valid" is a si (t;n.al t hat indi cates when
the associsezondaryamamony atray dirsatlyi (Sonsequenthnt fos sel-timegdgarkase the selepted on of
the operation and function of these signals as well as their interaction
bet ween dafécakivfidh thesecoaddryunemory islhob.storad amd cainot be Edsily t0@ineddn dng.
Serial No. 08/647,492, both assigned to the comobn assignee of the present
applicatio : ' - ure shown in Figure 2, the
e gnal | abgzrue:lamg 8ptructu¥9'f<§'r H%&?ébgégzaﬁﬁl AME aalyRi. g

erati ona I's no I onger present. The lack of an
"operational clq¢k” signal ipmli ey ed
internally and ﬂf?faxaﬁﬁ?‘?'&@@?%@%t‘;&g@@ﬁ% %ﬁg@%ﬁ%@ﬁ@%% ary Menory
Array 202. Conseguently, .the npry array row | atches .regis .102.0f _
Figure 1 &eaventigpal, siyaplifisd, n&mmwmmty{e-aﬁwm%%ﬁﬂﬁw&m cannot

be perfornmed on the
includes a CAM array 200 coupled to a secondary memory array 202.

In Figure 2, the signal labeled as. "valid" is a sign:al that indicates when the
associated data bus{es) cbntains information. A complete_', discussion of the operation and
function of these signals as well as their interaction between data buses can be found in
U.S. Patent No. 5,565,798 and U.S. Serial No. 08/647,492, both assigned to the
common assignee of thé present application. |

Note ﬁlat in the architecture shown in Figure 2, the signal labeled "Operational
Clock” is no longer present. The lack of an "operational clock" signal implies that all
timings are generated internally and no clock is routed to the CAM 200 or the Secondary
Memory Array 202. Consequently, the memory array row latches register 102 of Figure
1 afé, then, non-existent. . Consequently, a scanning function cannot bé pc;rformed on the
information coming from the CAM 200 and going into the Secondﬁry Array 202, which
further means that testing which, if any, of that array’s memory locations is either

severely hampered or non-existent.

Accordingly, what is needed is a method and system for determining which main



I nformati on com ng fromthe CAM 200 and going into the Secondary Array 202,
:whi,ch further neans that testing which, if any, of that array's nenory

| ocations is either severely hanpered or non-existent.

Accordingly, what is needed is a nethod and system for determ ning which

mai n 7 7 menory array
| ocati on has been accessed in a self-tined cache. The present invention
addr esses such a need. The present invention provides a system and
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addr ess between ry menory array Into a register
file. It pre rabl$/ ?ltores the matching address fromeither the |ast

CAM seconda?diTsisEHIUFRBee i on or fromthe last "2[err]" operations (where
X is an int eger_)rb dependi ng on the_desired architecture/fuynction.

An enbodi ment  of Thepreserisiayention provides a system-and methed forstoring, e MEMONECt ur e
coupled to a rowidentifier test circuit to store the row address

" i nf or mat i onaddvesstihformation wdrcly isntheunatcln addryssi betweencthe GAMeandethe seeondaiyt e
-containing information for the last "2[err]" accesses of the array. That
~i's, in addi fefiory arral SntoAMepistéryfileelt PheRABIyCSiores icdmbtching 4ok ifRyin leRhérd

-sent to the secondary nmenory array, the information is also witten in
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~testability, this register file i.s .prefer.ab al so LSSD scannabl e. :
Figure 3 i sAihingeger). ‘&P%‘ﬁ&ﬁ]oé}ftﬁﬁdﬁﬂ&d;w&%#ﬂ%%% the present invention
for a rowidentifier test circuitry for self-timed cache design., Figure 3
i ncl udes a CAM aAnsmbatimenhoftheipsessot piventianousgs 8 selértimaad cachergropiteetniyy 302
and a row identifier test circuitry :
coupled to a row identifier test circuit to store the row address information for the

) -Secondary memory array in a scannable register-file containing information for the last
"2*" accesses of the array. That is, in additioni to the CAM Array, match address output -
information being sent to the secondary memory array, the information is also written in
parallel into a register file that is preferably "m" entries wide by "2*" entries deep,
written short-handed as "2* by m". To aid in testability, this register file is preferably
also LSSD scannable.

Figure 3 is a block dﬁgram of a system according to the present invention for a
row identifier test circuitry for self-timed cache design. Figure 3 includes a CAM array
300 which is coupled to a secondary memory array 302 and a row identifier test circuitry
304.. A match address signal and a match valid signal are sent from tﬁe CAM array 300
to the secondary memory array 302. The match address signal indicates the secondary
memory location (address) to be retrieved, while the match valid signal indicates that the
match address signal is valid. Note in Figure 3 that the circuit according to the present

invention is coupled in parallel to the normal cache circuitry, minimally impacting



304.. A match address signal and a match valid signal are sent' fromthe CAM
array 300, to -the secondary nenory array 302. The match address signal

i ndi cates the secondary nenory |ocation (address) to be retrieved, while
the match valid signal indicates that the match address signal is valid.
Note in Figure 3 that the circuit accﬁrding to the present inventionis
coupled in parallel to the normal cache circuitry, mnimally inpacting

.8 per f or mance. : Figure 4 is a block diagram showi ng the details
of the row jdgRbiafier test circuit 304 for the self-tinmed cache design of
Fi gure 3. e row rdentifier test circuitry 304 of Figure 4 includes an x

"bit counter 400 goupled w.th.a.reqi £ 1 . =Tel 0 i CO
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. received by both the bit counter 400 _and the reqgister fj.le 402. The

" register i Mm% forjthe self-yimad caghe ﬂSSIQ%QQ%{‘]%“e es ef%“{?ﬂ&ﬁ?r WA reuey 304 of o
bit counter 400 to all zeros. A match valid signal 308 is also
recei ved byFighre #iincludesrarex bitomuater 400«onplgd axity a register gbﬂohhth&mwﬁlq d
- signal 308 indicates to the bit .counter 400 to count. The nmatch valid

. signal 308 mtRdessiphgaliey uf tegisters.onRiregistér initialibe sigagi 406cis reedivedibP botnthe

. response to match valid signal the bit counter 400 increnents the count by

- one. The ORPEALEN400 ahd treteigisht b 02 Obhel Rgfir initiBIeANsipsinl 408 18used to

* Addi tionally ess e data 'n tor the register file 402.

The mat ch address 310 si.gnal - its w The test circuit
304 al so i n@f“’(fcfﬁg p&We'A“E!ﬁ Eesﬁ%ﬁgé Eﬁcfogmﬁgg?%&alil P& These lines are
utilized to scan in and scan out signals whi Cq) are yused f.or es}l t{lmde,,i n-an
LSSD pattern. A match valid signal 308 is also received by the bit counter and the register

file 402. The match valid signal 308 indicates to the bit counter 400 to count. The

- match valid signal 308 also drives a write signal 414 in the register file 402. In
response to match valid signal the bit coﬁnter 400 increlinents the count by one. The
operation of the bit counter 400 is well known in the art. Additionally, match address

310 is the data in for the register file 402. The match address 310 signal is m bits wide.

The {ést circuit 304 also includes an A clock line and a B clock line. These lines
are utilized to scan in and scan out signals which are used for test thode in an. LSSD
pattern.

As can be seen in Figure 4, the bit counter 400 serves as the pointzr to the next
available register file address in the scannable register file 402 which .is constructed as
"2*" rows by "m" columns. Initialization circuitry sets the bit counter 400 to the highest
value. The use of multiple pointers permits the register file 402 to store the last "2*"
sec;)ndary memory array addresses as selected by the CAM Array 300 of Figure 3.

Consequently, these addresses can later be scanned out of the register file 402 as



As gan be seen in Figure 4, the bit counter 400 serves as the pointer to
the next . available register file address in the scannable register file
402 which is constructed as "2[err]" rows by "m columms. Initialization
circuitry sets the bit counter 400 to the highest val ue. The use of

- multiple pointers permts the registed file 402 to store the last "2[err]"”

© secondary nenory array addresses as selected by the CAM Array 300 of Figure
- 3. Consequently, these addresses can | ater be scanned out of the register

file 402 as ing 2* f the CAM Array 300, the s§stem"BRdsSHe hee®Yo
storing 2[ern‘ra'?es%acr%'esBegtogpgt%écﬁﬁsﬁra§7 300, th% systens?avoi ds the need to

~-stop after every, access to determne A | gﬁcg
accessed foFtOpt% iexaryp%ﬁrﬁ;st@s(fetermlne %l%o%gﬁgﬁfs%ci&tg&ﬁdgsmkgﬂ : tﬁg{lf%rhe
signals |labeled as "A O ock” 404a, "B C ock" 404b, and "Regi ster
“Initialize" 088 BEFROSES-evi ously described in Figure 3 as "Scan Controls"
306. Note in Figure 4 that the usual "data out" port  associated
with most regi st Vote falsocia, Figarendt thpt theesignals| Iabeled 8s &4 rFlogkt 49435 B Clock
preferably, the only read function provided for the register file 402 is
via the "Scap4bland SReister Hiifialiker 406 were proyieusty described\int Bigurdratasd Ssampl e
~extension to this systemcould include a data out port (mbits wi de) for
use in ot h@on%ﬂ,es_; f operation. The bit counter 400 of Figure 4
i is preferably a sinplé binary counter that produces an x-bit output using

toral of up to 2utpyin St i bECisRAE Masl e HHy el Pith ik reefft® °
dosi gned Usities s nok PseRtddadbiconEBOnCPRerabl e a0tk Bl Fofim pikwded
The decoder circuit ' :
for the register file 402 is via the "Scan Out" signal 408 during scan operations. Note
. that a simple extension to this system c6u1d include a data out port (m bits wide) for use
in other modes of operation. .
The bit counter 400 of Figure 4 is preferably a simple binary counter that
produces an x-bit output using the "Match Valid" signal 308 to increment the counter
output 412. Thus, a total of up to 2 states can be represented by the bit counter 400.
The .2-" by m standard register file 402 of Figure 4 is preferably designed using a
simple decoder circuit and LSSD scannable memory cells. The decoder circuit
determines the row address in the internal memory array from the bit counter output 412
and is preferably of standard design. The memory cell, likewise, is of a simple design
uéing an LSSD scannable approach. Each of these components can Be found in existing
industry literature.
Note in Figure 4 that the register file 402 uses the "Match Valid" signal 308 for

the write enable signal 414 as well as to increment the counter 400. Additionally, the

"Register Initialize" signal 406 is used to zero all entries in the register file 402.



determnes the row address in the internal nenory array fromthe bit
~counter output 412 and is preferably of standard design. The nenory cell,
‘likewise, is of a sinple design wusing an LSSD scannabl e approach. Each of
t hese conponents can be found in existing industry literature.

"Note. in Figure 4 that the register fil@ 402 uses the "Match Valid" signa

1 308 for « the wite enable signal 414 as well as to increnment the counter

{ 400. Additionally, the "Register Initialize" signal 406 is used to zero
all entries in tﬂ§
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-array 302 of, Figure 3 that .new datag is require acft.xatin "Mat ch
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This function is perfornmed and the new information is provided by the

~secondary nplaeing ipfarmation 19€ thes tMatohuAddress3 bas 310. This fupstion ds\perdermeds anst
' test circuitry 304 of Figure 3 and Figure 4 preferably perforns its

- operations the nesw aiforhativnt s provided by ahel secondare dnempory BO2 o0 .théredche ouput B 120t h
Figure 3 and Figure 4, it can be seen that the match valid signal 308

causes the bit coyatew jdEifle? tedt iR/ 304 GPF%ng‘% ahy Figuté Mic;f}g'fe?aﬁly ‘PRrforms

I ncrenments the "row address pol nter 16 int egl ster f 402 "The
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t he next secondary menory array 302 access by the cache, the. sane. =
oper at i on oincrement dhgicount byek whichhincturmin¢remerits thed"rowaddress painter” 416 ifirthe 1)

| ocation of the register file 402, thus loading the register file 402 wth
sequenti al fepistéri filest02EaThe segisteafiRd020then akdsahe CMatdhnVialid Usighdl 308eand the

register file 402 _ _

"row address pointer” 416 to write the "Match Address", information 310 into the nth
memory location, as specified by the row address'_pointe?r 416. This stores the "Match
Address" 310 in location n of the register ﬁle' 402. In the next secondary memory array
302 access by the cache, the same operation occurs, and the next "Match Address” 310
is stored in the (n+1) location of the register file 402, thus loading the register file 402
with sequenﬁal locations. Each subsequent operation continues until the register file 402
is either full (has stored 2* states) or a check of the information is desired. When the
register file 402 is full, it simply writes over the existing information. Note that this
operation in should not affect the normal cache operation or path.

: Figure S is a t_imirig diagram corresponding to the system and ﬁethod according
to the present invention. When both the match valid signal 308 and the match address
signal 310 are high, then the address can be read.

When the information stored in the rew identifier test circuitry 304 of Figure 3

and Figure 4 is desired, the cache is taken off-line. Using the LSSD clocks ("A Clock"



Is either full (has ‘st or ed 2[err] states) or:a check of the information s

desired. When the register file 402 is full, it sinply wites over the
existing information. Note that this operation in should not affect the
normal cache operation or path. Figure 5 is a timng diagram

corresponding to the systemand nethdd according to the present invention.
- When both the match valid signal 308 and the match address signal 310 are
hi gh, then the address can be read. When the information stored in
the row i bha @ " G0AGMnk iHfosRAtien if iHeUesisdr fild80T isotead oft kequeasallyed,
t he cacheqfﬁg&tbjé e‘r? %ﬁ’ﬂﬂ ?Rgﬁwts:ilng thel LSSD clglcks (YA d ock"

. 404a and ".B G ock" .404b) the i.nformati o ;i L0 il ' ad

- out sequer® i“%a”s qu?ff%mﬁ 1 @erlgfhésfrrye§ 3 gh lft%eétﬂlgr-:i nd ugélﬁgaégé gl i mlafinés?

- shift-register-latch approach. In this manner, || accessed.. [ .
"l ocat i ons alligscessed mamqry legations {up {0 3§ ‘@Bt"@f“[}ﬁ Wegetﬁ'imlﬂ?‘ﬁ’y iﬁg‘%%?u' known
fault isolation and determ nation nethods. In Figure 4, a "Scan In"
si gnal 41&nownafaal isolatioriant detefmipation methodhe shift-register- latch
approach to the register-file 402 design. That is, an input is necessary.
However, it almorigafisd ! HeSéaplntrsighab4l8tihalso provideentoi facititate et shiftregister-y
304 can, itself, be tested for nmanufacturing defects. This feature can be

T AR B OB TR s ity Mo
cccess. 3 il S et SR DR 304 5. i, b B

produci ng unpredictable results. By storin t he, sel ect ed addresses. an

utili zi ng masifactating defests, This featuisccanche-gxivemedy impartanh, 1f-Propef ¢1agRgst,©

occurred. :
any problems is required.

With regard to the "Match Address" 310 information, in a proper cache access,
only a single bit in the m bit bus should be active. If not, then read/write contention in
the secondary memory array 302 can occur, producing unpredictable results. By storing
the selected addresses and utilizing LSSD techniques, it can be determined if such a
contention occurred.

Althoﬁéh the present invention has been described in accordance with the
embodiments shown, one of drdinary skill in the art will readily recognize that there
could be variations to the embodiments and those variations would be within the spirit
and scope of the present invention. Accordingly, many modifications may be made by
one "('.)f ordinary skill in the art without departing from the spirit and scdpe of the

appended claims.



~Although the present invention has been described in accordance with the
" enbodi nents shown, one of ordinary skill in the art will readily recognize
that there could be variations to the enbodi nents ons
woul d be within the spirit and scope of the presenrﬂl’mMﬁmnWl[ﬂ',
Accordi ngly, many nodifications nay be nddle by one of ordtnary sski [
the art without departing fromthe spirit and scope of the appended

cl ai nms. CLAIM5S \What is
clained is: 1. A system for determ nlw% whi ch menory | ocation has been
“accessed in a self- timed cache, the & conpri si ng: a content
; addressabl e nenory; a secondary nenory coupled to the content

~addressabl e nenory, wherein the secondary nenory includes at |east one

- menory | odkhatds cldimed istay be sel ected by the content addressabl e nenory
based upon a self tinmed cache access; and test circuitry coupled to
t he content addressable menory, wherein the test <circuitry stores a

poi nt er i ch ggtémt 3
sel f-tinmed cache acce s@ro éﬁlﬁ‘gﬁéégvongar yiﬁm}e}p ﬁﬁ&h&{‘hésrbéeﬁ%@%]kg&lsﬁf;% g@n?of
claim 1, rein. the test C|rCU|tr_|ncIudesab|t count er V\/mch

i ncr enent &1 i FThecthe SYptsm, comprisi

a content addressable memory;

a secondary memory coupled to the content addressable memory, wherein the
secondary memory includes at least one memory location which may be selected by the
content addressable memory based upon a self timed cache access; and

test circuitry coupled to the conten’f addressable memory, wherein the test
circuitry stores a pointer which points to a selected memory location in response to the ;

self-timed cache access of the secondary memory.

2. The system of claim 1, wherein the test circuitry includes a bit counter which

increments a counter output.

3. The system of claim 1, wherein the test circuitry includes a register file which

stores the at least one memory location selected by the content addressable memory.
4. The system of claim 3, wherein the register file is scannable.

5. The system of claim 4, wherein the register file is compatible with level sensitive

scan design (LSSD).



3. ' .The:systemof claim1, wherein the test circuitry includes a register
: file which stores the at |east one nenory |location selected by the content
addr essabl e nenory. 4, The system of cl ai egi ster
file is scannabl e. 5. The system of claim ruﬂllmmmunlIMHlugl ster
file is conpatible with level sensitil® scan destgrt ([!SSM) . *

The system of claim 3, wherein the register file contains 2[err] nenory

| ocati ons sel ected by the content addressable nenory, wherein x is an

i nt eger. The system of claim3 wherein the register file utilizes
a plurality of The: system, of glgin3, pubareingthe z!ie%%@fu@@é@n@m | Bemery lacations

- locations in repsonse to the self-tined cache access which points to the
sel ect ed selected dryythewontept hddrassable. memofy, whereiha isyntinegert cl ai m 3, wherein

the register file is constructed as 2[err] rows by m colums. 9. The
systemof claim1, wherein the test circuitry receives at |east one signal
sent fromthe content addressable nenory to the secondary nenory. 10.

The syster of Gh fhsfom WP Blafin' Wibretr? e ehstel efd Heifists G BiRbaftY bF pBiiets ' ©!
which point to a sequence of selected memory locations in repsonse to the self-timed

cache access which points to the selected secondary memory location.

8. The system of claim 3, _wherein the register file is constructed as 2* rows by m

columns.

9. The system of claim 1, wherein the test circuitry
receives at least one signal sent from the content addressable memory to the secondary

memory.

10.  The system of claim 1, wherein the test circuitry is coupled in parallel with the

content addressable memory and the secondary memory.

11. A method for determining which memory location has been acce;sed in a self-
timed cache, the cache including a content addressable memory coupled to a secondary
memory, the method comprising the steps of:

(a) providing signals from the content addressable memory to the secondary
memory, wherein the signals indicate a selectién of at least one memory location in the

secondary memory; and



contrent addressabl e menory and't he secondary' menory— Arethod for

1
det erm ni ng which nenory | ocation has been access | a gred
cache, the cache including a content addressable !m“m“m mliulw a
secondary nenory, the nethod conprising the steps« L M s

providing signals fromthe content addressable menory to the secondary
menory, wherein the signals indicate a selection of at |east one nenory

| ocation in the secondary nenory; and (b) storing the
selection of the at |east one nenory location in a test circuitry. — _ 12.
The nethod of €ai mstaring detshlection op tiesitdepst opg mealory, locgtom it Adest ieercuint.

o circuitry. 13. The nmethod of claim 12, wherein the step of scanning is

conpatible with [ evel sensitive scan design (LSSD).
12.  The method of claim 11, further comprising step (c) of scanning the test

circuitry.

13.  The method of claim 12, wherein the step of scanning is compatible with level

. sensitive scan design (LSSD).



