=e3egd4. $6TTGNO ,. MEMORY Cl RCUI TRY W TH AUXI LI ARY' ' WORD Lgmmww
PREDI CTABLE ARRAY COUTPUT VWHEN AN | NVALI D ADDRESS | S REQUEST OF
THE I NVENTION 1. Technical Field The present invention rel ates i#g&ner al
to conmputer nmenory conponents and in particular to reading f

conput er nenory conponents. Still sndre particularly, the pﬂ%ﬁ“ﬂlﬁmﬁmmnion
relates to a nethod and nenory array circuit design for obt

predi ctabl e array out put when an invalid address is requested fra82 nenory

conponent. 2. Descrjpt.i f rt r onponents,
e:g., random accessmﬁmﬂewgﬁ&wm%W’%ﬁﬁNi}e desi gned
wth arrays that ar mﬁi' ;ﬁﬂs @flﬁ}qe@?;t that hold
data. Each line isvlﬁctglpa %Yrg ol?glyg‘aﬁ%wéﬁgé‘lgbamugt 0 %%Nbased
primarily on the size of tINVADH ADRBRESSAIS REQUESTHD | ines is typically a

power of two (i.e., 2N, where N=1, 2,...). The address of the line is
utilized to find and access stored data when the data is desired to be read

from nmenory. ; O(imtﬁl m‘ﬁ TR array, the nenory chip is nade to
B g{%ﬁloglgﬁ?es Pg{IEﬁ

undergo a seri ensure that data is being read correctly.
During the logic tests of a read-only nmenory (ROM array, the array is sent
random addresses and i s expected to give a predictable output. Wen a valid

address is rlead, Terhnin Figldj s

The present invention relates in general 1o computer memory components and
in particular to reading data from computer memory components. Still more
particularly, the present invention relates to a method and memory array circuit
design for obtaining predictable array output when an invalid address is requested

from a memory component.
2, Description of the Related Art

Computer memory components, €.g., random access memory (RAM) and read
only memory (ROM), are designed with arrays that are subdivided into a number of
address lines that hold data. Each line is capable of holding a certain amount of data
based primarily on the size of the line. The total number of lines is typically a power
of two (i.e., 2", where N= 1, 2,...). The address of the line is utilized to find and

access stored data when the data is desired to be read from memory.

During development of a memory array, the memory chip is made to undergo
a series of logic test to ensure that data is being read correctly. During the logic tests
of a read-only memory (ROM) array, the array is sent random addresses and is

expected to give a predictable output. When a valid address is read, the output is



+2 predicted to be the data in that address, and the control |ogic
circuitry of the nenory array is reset for the next data access. |If the
nunber of word lines contained in the array is not a power of two, there
will be sone addresses that are "invalid® An invalid address occurs
whenever a nenory array has nore address space than array space. Attenpts
to read an address that does not contain valid data often proves to be
probl emati c because the result i s not predictable. This problem occurs

test, Puneneuiithd 4 BEUREYR DU BATEE B8 o ol 0% L AP P BBl o

to send to tahqym@@étyopmm@maa@oég{e are no corresponding word lines from
whi ch data may be provi ded; however, the nmenory array still needs to

provi de a predictable output for the logic test and al so has to have its
control logic cirguitry.reset for the next .data access. Sone nory array
desi gns decode tHglﬁerﬂ}é}qe&ogggfcgégesgﬂaamepégﬁ}cyarwtls Bﬁ)t@qpq:\%qﬂog?wg{tﬁerien t he
data out | a_tvﬁih%%-soWetaﬁdPéaé‘e%Qheg%% GRSAINP! D ?lalﬂﬁé(&if@srs ochrF %ehé%?h' d
address is incorrectly decoded as a result of skew or a glitch, etc., the
read will benenokydrisghes morhaddressapaccadharcarayespacd. Adtedgttato r€hd an addressat el y

degrades the, setup tine as ilJustrated in the timng.djagram of Figure 1A.
G her desi grBsAag BeteOTRALIA Sk PRETEIOYS) tos rablPRic L Wpdeul s
However, adqjoafdiBtit. "hid SroBRin 8¢ iﬁe%&gvﬁbﬁmw%wwkmm RROR! Y

arrays with ceftalin pre-decode addressi chenes t are optim for

per f or mance.Thasgiurmgihe: ldgiatest whemevehtheexadonl addresyigegerdiongelacts flmse such

designs. A thi r%sa desi %%Hﬁangl es invalid addresses by ignoring them No

data out | atBYph lﬁgf\f{ld%%sée orfBe Biepony eorpponent, dhere aremie HEWORL t he

next valid : I i 1 i l |l e

im g di agr oy P Aich et Ry 6E plobldia, REvEE InEmomey el Wil SORT

- per f or mance.prévidaad greekctabla botput for tiseldgichtedt and alsohantd havelivsontralidgion! vy
opens briefly after a _clock signal falls in order to capture a new address.

A perf or nanccé‘ch‘rtTyefﬁfeé(ﬁoro‘ggpﬁ’Hq%WF%s the latch to be normally open and

cl oses imedi ately upon falling of the clock signal. An internal reset is

required at the end of operation to re-open the address |latch. The present
i nventi on recogniSomse meatory drrayoddsignt decogt thiecinbalichatidress agé dirsctiynshitdesi r abl e
to have a nenog, tem desjgn and net hod that enables the utilization of
any address %?‘ézﬁz%aﬁﬁhﬁgﬁrd@%]as?mﬁ?w}éqsfi it@HFP?dWSWtP@gE howeyerdfani nval i d
addr esses. iR : i % Pt by | Y
decodod addr iR RRiARt, MBSy MEARRGE TN draRy B £V BlD, Qe bBlerkd Y,
pr emat ur el y wiblHecended beford the merdy capcacenthetdatal HEls e ubiinthtelt klegrabbenthéi t s are
provi ded by the present invention. SUVVARY THE I NVENTI ON Di sclosed is a
net hod and rEHBY ?:f‘sr’@lt‘}?tﬁt H’e'g‘F&H“F% 1agram of Kighre 18nt ai ni ng predi ctabl e
array output when an invalid address is requested. The menory circuit
design conprises an invalid word line path in addition to the standard
valid word |ine pathbr ddsignemabgrthe mvatidwddless(es) irto valddibduress spacksny word | i ne

output of a first decode logic.is delayed and the del ayed dummy word |ine
out put is An&&\wwmd@smaapmg%n% Vs Rogsiblg cRATHCUlTly BRMEMORY aTrgySch.

Further, the,d j: D 1 : ic 1S al so
del ayed, angwfttlggé*&iéx?g}%& Pl#\’/gﬁ:gﬁg\}/{%% gh%%seeth%tﬁ%%g "lgg(é%%gro‘; evm ,‘[n&af[xieé del ayed
dummy word |IFigerelC pllustriates tieseianpietimii diagramofgr such@esiggs.t he del ayed

signals allows the predictable output to be provided at a sane cl ock tine,
irrespective of whether a valid address or an invalid address is decoded.

A third ROM design handles invalid addresses by ignoring them. No data out

latch is updated and no circuitry is reset. The ROM waits for the next valid address

to be clocked into the chip as shown in the sample timing diagram of Figure 1B.



kn the preferred enbodi nent, maintaining simlar clock times for valid and
I nvalid addresses is conpleted by running the invalid word |Iine path
parallel to the -4 dummy word |ine path. Also, both |ine paths are run on
the perineter of the nenory array to alldw for scaling as the array

I ncreases or decreases in size. The nmethod of the invention is different
fromthe prior art because it uses an auxiliary address path to achieve a
simlar cycle time as a normal array read. Further, when an invalid address
i s requested, ,the chip does not for the next read.

d
When an invamisdséﬁlléi?' tithe ?Wﬁ%’s‘ifg??? OF‘?aigm‘élhlsf}jl iﬁc‘jg?ﬁrﬁ gﬁ/tﬁrvéﬁ‘ilﬁlaalﬂ e data on
th t put 51@%1% h
adgi 1(:) :Joﬁgl Jh{ei%lﬁﬁ 018%% atnur e aﬁéngﬁ aﬁf'}%}ege(%o‘; ﬁalﬁlﬁg@?ﬁ%e‘?ﬁ%@a on WI |

becone appamewtaddfess ha ﬁeﬁbhﬁmc&g)rﬁﬁteﬂldee@an\hmmda&h% bt nofmally orgn BRI EF
DESCRI PTI ON OF THE DRAW NGS The novel features believed characteristic of
t he i nventi 8Rd slosessimmmediately ypendalling of the clock signal. An internal reset is required

at the end of operation to re-open the address latch,

The present invention recognizes that it would therefore be advantageous and
desirable to have a memory system design and method that enables the utilization of
any address pre-decoding and still efficiently and correctly handle invalid addresses.
A method and memory system design that prevents a partially decoded address from
being interpreted as invalid and resetting the array prematurely would be a welcomed

improvement. These and other benefits are provided by the present invention.
SUMMARY OF THE INVENTION

Disclosed is a method and memory circuitry design for efficiently obtaining
predictable array output when an invalid address is requested. The memory circuit
design comprises an invalid word line path in addition to the standard valid word line
path. In order to provide correct output, a dummy word line output of a first decode
logic is delayed and the delayed dummy word line output is ANDed with a word line
output to update the data out latch. Further, the invalid word line output of a second
decode logic is also delayed, and the delayed invalid word line output is ORed with
the delayed dummy word line output to reset the control logic. ORing the delayed
signals allows the predictable output to be provided at a same clock time, irrespective

of whether a valid address or an invalid address is decoded.

In the preferred embodiment, maintaining similar clock times for valid and

invalid addresses is completed by running the invalid word line path parallel to the



appended cl ains. The invention itself however, as well as a preferred node
of use, further objects and advantages thereof, wll| best be understood by
reference to the follow ng detail ed description of an illustrative

enbodi ment when read in conjunction wt h4 he acconpanyi ng draw ngs,

wherein: Figures | A-1C are cascading timng diagrans of the operation of
existing nenory array system Figure 2 is a block diagramof a nenory array
system design with an auxiliary word line in accordance with a preferred

ot ocess by RPN R e CUED, bR Lo LB freunBactne hAHERAL g ckiofy

address is pagyesilRey forGoalthg WIThE Xrréy indtcasaso doerdaes ghndee.i N accordance with
Figure 2; Figures 4A-4C are cascading timng diagrans illustrating the

operation of the nmenory array system designed in accordance with the
present inventiog;, and, Fi e.5is a.fl.aw chart of the process. by which
bt edi ctabl - ar ray PEaraRg RS i srRefingiBffen Fom ol ohatbagiE Hhetfog
provi ded acgkifthRShddfess pRthRb AEREVESl sigiTRe &y dT8 fTines ald@mBY SF§Head. NMRINet,ON.
when an invalid address is requested, the chip does not “hang” and is made ready for
the next read. When an invalid address is requested, the chip produces predictable

data on the output latches and is ready for the next read.

The above as well as additional objects, features, and advantages of the

present invention will become apparent in the following detailed written description.



-6 DETAI LED DESCRI PTI ON OF AN | LLUSTRATI VE EMBODI MENT The present invention
provi des a nethod and nenory conponent for obtaining predictabl e output
when an invalid address is requested frCN261speciaIIy desi gned nmenory array
system having an auxiliary word |ine and™felated functionality. Wth
reference now to the figures and in particular with reference to Figure 2,
there is illustrated a black diagramrepresentati on of address accessing
circuitry of nmenory conponent 200 according to the preferred enbodi nent.

Addr ess accessing circui q¥@§'§pr ' Yﬁ@{ andl i ng received
addr ess pre-decode IineshE%E? ét |rs#&§é#ﬁqgggiﬁﬂg udégﬁvalid addr ess
| ogi ¢ 205 for decoding a valid address. Valid address | ogic 205 has two
output lines, word line 207 and dunmy word |ine 208, each sel ected based on

the output from vEre eovghtpetes bedigved clasicimistiap! hsriavention appst fertheisuhbe ed to
first "X' dela LG 2094, .which l,ay's Si | fr rd line
208, The sectiemiuiints HisafRalin MRORHGuhE o ol s syt e i ng
and nani pul afyrher dbj¥as bl ARALRESCRerebl) Wil ibdstaRdmaestdod ByGeéichcb @sth@ si ngl e
output line, invalid ward line 212, which is coupled to"a second "X" del ay
| ogi ¢ 209B. fallowing @wledfdesctrmttohﬁtan[ﬂ&tStraﬁmwmbmgmhgwmrBVed@ua present on
word |ine Z07 and .del ayed du word |ine 210 are ANDed together via AND

| ogi ¢ 213, afPRUYIGHOR M eP?WHﬂHE“MBWIB@W ¥8i . e., the result of the
ANDi ng operation) is coupled to data out latch 217. The result of the

ANDI ng operation triggers an update of data out |latch 217. The del ayed
dummy word |ine ZHiguaesdl AldCaare dascadiap itiching dagtamseof2lieloparatiddReEkxistiag OR | ogi ¢
215. The output of OR logic 215 is coupled to nenory control logic 219. The
result of t e%¥¥¥ﬁf?ﬁﬁ¥ﬂ§?¥on provides a trigger to reset nmenory control

| ogi ¢ Z19. The del ayed invalid word Iine signal is also coupled to logic
271 that controls the data out latch 217 and causes the data out |atch 217
t o remai n unchangBiguré\2 ioa Hiook diagranm obpareatorp arraydystenadesignaaith dn addr ess i s

received (or detected), the two-line nenory arra ste ecodes the

i nval i d addr#8dliafy i“[oifé ?‘HE]“} 4?\98’[%%%%%“%’6@4 ‘Emg‘i‘fég’ﬁ%"r%t ¢ e¥seMd "invalid
word |ine" 2%@mhn§tead of the "dummy word |ine" 208. The normal array
(i.e., word I'ine 207) does not fire, and the invalid word line 212 leads to
circuitry to reset the control logic 219 in preparation for the next data

access. Also, the _data_qutput |atches do nof change fromthe prior address
access, and thus, F’ch'Féeﬁé%ﬁ?wé@?rﬁGEmprﬁ?eé%blﬂ@@“@ %Pééﬁﬁagieﬂae\! QUH™LIS . one

advant age of ! i i; | ! i hoqa
addi ti ons. T%%@%g%o%gﬂéggﬂgka iaé&g%ﬁ 1%9%%@%? ‘:1 Fr??eg g’%@?’? %‘g“’g{é’?‘?or na#ggddri ven
pre- decode anhdicesidahdeneish Figure®; | ogi ¢ gates may be added to the dummy word
line circuitry to create the detection and drive of the invalid Wrd |ine.
Thus, no new circuitry is needed. Another feature of the invention is that

simlar timng pa £ak. f. ghﬁﬁg- % |

illustrated in Fi g@?é'g{%g?? EE?%&?]@E%&FQ&M r owlggg{:dggg?ld‘% %riﬁ?dr?nlsongﬁe

di agr ans showiemery dreayyswircdesizned anstcomlaneciith esopradenoimventian andival i d wor d
line in a single access cycle. Wen contrasted to cascading tim ng diagrans
of the menory designs provided in Figures 1A-iC, the performance benefit
when invalid wordg] : ' i . 10 tagram
301 for val i d addf SRES i} AR/ GhFihd molBEBY SR TrediBle sl ol 1SR,
timng di agr eifed when uvbking tiectdstipanahod plovilediaby@ting tgbhé plefared al nost
identical. This feature of the operation of nenory array conponent 200
al | ows reducembedimgpt of the presentauneation i ncorrect decode "glitch" of an

invalid address will process in parallel with the correct valid decode. The
dummy word line and invalid word line will reset the circuitry at the sane
time allowing far the proper data in the data out | atches. g_ In the

operation of sonme existing prior art, such as presented in Figure IA in
which an invalid address is decoded and the circuitry is sinply reset, a
decode glitch could shut the nmenory down before proper data is presented to
the data out |atches. This problemforces the prior art nenory design to
wait longer to ensure there will be no inproper decodes.



The present invention's simlar timng is achieved by running the invalid
word line parallel to the dumry word |line around the perineter of the
array. As the array grows and shrinks for,_each chip, the invalid word line
will also grow and shrink with the dummy Word line. The invention utilizes
exi sting pre-decode lines far the invalid address decode. Al so, no extra
pl aceabl e kernels are required since the invalid word line |ogic takes
place in the same cell as the dumry word line logic. In the preferred
enbodi nent, thepi [ ' Iyl 190§ { he end
word |ine and bPF"i?/Afﬂ%‘elﬁ% #eﬁigﬁg/w@h‘gﬁir%\%ﬁ?%rd ?M?Iglr)g“v@ﬁqﬁt h the
array size to achieve a simlar timng as the normal dunmy word |ine
timng. Aglitch on the invalid word line will, therefore, not end the
current cycle bef Ghepiesant yrvgption provides 8 mathodand mempky GoMpeneRifor at ches. By

utilizing an xtliary Cinvalid" rd;li , im i Tafde
simlar to t%lg[#l)ﬁiﬂ‘g @ﬁ‘écﬁh&rﬁﬁtﬁ ‘%"JW “l“; ?@ a‘dIEl%gs %éﬁ&%ﬁg}(ﬁ/ ﬁfﬁ%@&d/ or
path of the dexigel thenford atray Systdnh hadh@un andlishvidild Ik bhd tdige@t her word

|l ines as various size nenories are grown. Because of the timng simlarity,
if an inval i fengdlenadi®s i s decoded as the address lines are changing, the

i nval i d address does not have a chance to "cut off ' a valid address nenory
access once the address lines stabilize. .g_ Figure 3 illustrates a

sanpl e operation WithefRénte HOWBABN figwredarf infPagtitfufar Avith RErBARAE FigiaRi ns at
bl ock 300 and proceeds when an address is received as shown at bl ock 301.

Once recei ved, therads Blastrated a blociialiagiand repredentation of addresstachéssing cBOBitryAfft er

(or while) the address is coded,. the nemqry decode | ogi,c, deci des .at bl ock
505 whet hor  PREORATRReRLITACEIES 1 UEPTEredcraipdaerly AMSS AT ¢+ hor
t he nor nal sl 0 i &Eﬁgs - 306. The
data out | awﬁgﬁl@ E@é@i@égﬂﬁ?‘% Pgﬂ]?rgdﬁn@gdl% %ceg?ée‘d char g?ge a%?r?gé f[B ﬁgs menory
control | ogi 202 sThecfirst path 20h nohrdds walid ddedresg ddgic 265 feplecdding avalid addres307.

The operatiop then ends at block 311. The inventiqn_provides several
advant ages, I Rk¢ address:logic 205 hPhBN%?‘BWdEHS’mfﬁE@e%Q} ang ey Wsiﬁmany

address pre- : .M L LA o : f | read
pat h becauseiﬁgg@n%g%zfég%ﬁé@d% ?Hr?reg 4 attﬁr%g?{(’)a{/\ﬂlsd %ﬁﬁghﬁlﬁ%%§v? ‘%’ﬂﬁy%&ggri ous
array sizes; lim208iS coapled tofiise "Xieddlaynlpgiv 209 AL, lndridhndeddyis dheasighiet Sdnoccur s
within the current cycle, so a high performance chip has no "front end of
cycl e" baggagnmytorgiing 208.ni t perfornmance; and (4) if conpleting a

conpi | abl e menory on ASIC chips, the nmethod does not create extra pl aceabl e
kernel s. MEMORY Cl RCU TRY TESTI NG W TH PREDI CTABLE QUTPUT As previously

described, if theThesdeend path\208 dndladeginalidtadirediogit Jidondécaddingandot a
power of two, there will be sone addresses that are "invalid". An.invalid
addr ess occumanipulating épvalid gddasssps.alnvalid pddressdegic 244 hassa sigglgcatput dinear r ay

space. Atte . hLE: do I~ € i 0. Valol ten
space. {41 eTRid el 3, SHAES Bndek PR s B0k b Al A
desi gns handbfthe fiydlpath 2040 fiRSERIsARYLHRbentBN Word RAR20RENd Ml uatay esses
to valid addresses; sone update the data out |atches to a particular state;
word line 210 are ed together via AND logic 213, and the output from the AND
logic 213(i.e., the result of the ANDing operation) is coupled to data out latch 217,
The result of the ANDing operation triggers an update of data out latch 217, The
delayed dummy word line 210 and delayed invalid word line 214 are ORed via OR
logic 215. The output of OR logic 215 is coupled to memory control logic 219. The

result of the ORing operation provides a trigger to reset memory control logic 219,



rao_ and others sinply | eave the data out | atches unchanged. It is
challenging to test a circuit when no changes occur. The invention provides
a method on haw to conprehensively test each invalid address for a design

t hat does not update its data out |atch when an invalid address is read.

Not abl e di fferences between the design of the present invention and sone
previ ous designs include the initialization vector and SI SR output. One
enbodi ment of the invention provides a unique testing nethod by which the

menory circuyitry may,. be correctly tested. The inventiqQn recogni zes that the
new ci r cui tffghed%wrzg irmatidpeove line bigualis alse coupled i lomie A thaf epyrls thest uck- at
faults, etc. i I i | ugh invalid
addr esses ardggll%%?%gwgfgﬁ %’?&énsp }{9? %ﬂg&ﬂgﬁﬁoﬁ’%”l‘n@? égélgﬁltélgﬁde@g@onsecut ively.

Figure 5is a flowchart illustrating the process by which the response of

the menory array circuitry to invalid addresses is tested. Several function
bl ocks of ~Fi gur e Arcardinglyninjoperation wheneardaxelid adsdaess ioreecived €or glgtested),

osting of angPRERE: pemsp bl B ehlaccpfelife PR O RBOUIRRR GBI 8" 1 O o

out |atch Wi@aredloght/B1 shdofes B&P“ihvalidewsrd 1THe 202 ittt theeduniifly Wopgedur e
requires alternating of valid and invalid addresses. In built-in self test

(BI ST) node lineh308ekbe poryal aeay (e, Wwerddine 208) dovs natifires esd therinedjsomoiidng t o
t he maxi num po of, two. wWi.thin the arra nd renment from there. For
cach addr s dmeki 16nds 8 Sttty i wihinEhariion e 285 Inesmtrcli e Tkt
desired addr EQl | 0¥ dhda® BphPlatdhes 80hoSthaRgofeRthe bliorhdgRisget address
is invalid, (tﬁﬁazacgonpl ement %%Qtﬁtg tgrge% addregs wi [ a?évé?/s dggésa val i d
addr ess. Thuscesszaid thusy the memdgr comsponentt prevides opredmtable tesule Wit h a
different valid address read in between. -11 An exanple of a non power of
two ROM code is illustrated below. The exanple utilizes 3 address bits,

whi ch have 6 val ig,a56% Sf MR Gnventioy & thak i folelo]

o " M00s" o O PkRARER! MR hnentiBl KA IERTHERSRN 10T ddafi

The memory design is abié 6d 8tk &x@Bting performance driven pre-decode address

011 T100~100 4 i 0
lines. A few logic gateg Ty fdé@? to tge dmﬁnwlordqine circuitry to create the
._101 : ; : id %A0264 it ]
o —de.teenonand—dmze ¢ 11061“"%(:;‘9' i, %Is:newc;;cmu‘y i¢ needed.
11-° TOO0O0000 O The first colum shows the

conpl enment Jt ar get , addr ess sc . The target, address starts at the highest
e eos and countARBHTSs R AN iRsCRHR A A A BSE PG PRS0 ouest
dd d : - weh i %. | oaded
address an t&;@k’%??ﬁ)mva—l re%&&%’lgﬁﬁ%éwm FROG 4‘M1kﬁb Sg%ﬂleﬁiﬁ-&@ﬁsfoah&e oade

into the SIS e preferre odl nent,; even t an 1 nva addr ess
is tested, tdascadirfgRimingalisgrams shovang dtegprédiotable andlcorectaesohsioncofchnt he

addr ess acce,ssgd is different each c%/cge. The data iis al so,.prqvided in an
easy pat t er invaidwerdlineig asingls agesss qygle. When sanitasted tacascadingiipdg o ndi ng

order for t I ] i . i cess
begi ns at b@%&@ggfgﬁgﬁ%}ﬁgﬁ?gg]?ﬁ : é) leaaﬁ nggmuterg%ﬁi&—gi@ Z%egﬁ’e\;g gfs?éés)hom at
bl ock 5A1. emefit when inedlid oerl s aesproviied écmdastirabde. | Thusstimigediagiambl ock

S03. After (or while he address _ is decoded, th nory decode | ogic
deci des at bi®der sds} %J%%Sﬁ%ﬁs tipneg dagrasd03 for WI@ aﬁﬂ?Sﬁsﬁan gmipg ¢ pe

i V@éérgm 0% VAN SRR Winh & FRGRd Bfien WPAAIG: iEARGE Hhigts Shown

at bl ock
feature of the operation of memory array component 200 allows reduced setup times

because an incorrect decode "glitch” of an invalid address will process in parallel
with the correct valid decode. The dummy word line and invalid word line will reset

the circuitry at the same time allowing for the proper data in the data out latches.



507. Then the read process ends as illustrated at block 509. If, however,
the address is an invalid address, the data out |atches remain unchanged as
shown at bl ock 508, and then the read prqcess ends at bl ock 509. Thus, each
read to the nenory array consists of two Feads. The first read is to the
conpl ement of the desired address, and the second read is performed on the
target address. The result of the second read is read into a SISR The

i nvention recogni zes that the conpl enent of each invalid address is al ways

a valid address. |l [ : : a put.

| at ches during a ngggoé%ﬁgw?%m%yeﬁ%@gng@g?rt,?sglgh ggg%%l%“%&n% ﬁghgﬁ ?‘gelgd wi ||
have data frwhich Bf idvalidladdRadis decRied ahl B diRQitEPRRIBPH HeseB @06 glitth! 2
menory array with "N' invalid addresses, if fihe maximum power of two

addr esses araubibshuethsrmemonyrdswn: befong pirepier datatis prepented tortba datatowblagehesam of
data goi ng ijat.o_t SLSR wi | | .appear as i,f .the first "N' valid addresses
were Poad i nSpisRIR oL Tar PROORE Fisariy Hesien Gt Boerdp <hie BT arT of
the val id ag{FipsRspdricdsRsendi ng order fromthe highest valid address.
Thus, the testing process allows any nultiple nunber of reads to be
conpleted so long as the final two reads are to a conplenent (C) and then a
target (T) address. For exanple, a four read process may. be CCCT. CTCT,
TOCT. of ITCT. | nREReTE HEORHGHs SURIaF Gtr F 8RS e OmEg g SRRV A duny s
CT. Advant aggs 5,SARIM AR UuhiyWoRFIidMEHd MR peRfIHEBF (DarBRC Mol thY alch
address is tggt%ag&ﬁone at%q%t1 ti ne,;hlelrllté}}/rspedrsegbﬂyevwgl I Jyaaéﬁ?eggés Slﬂﬁ t hat
t he out put odrowkendishrinksifer each chip, theanwalidumerkdimg evilldddosgrowand shiink with
silicon updates are neeqed to the existing ROM BI ST structure (i.e., only
the scan i nihf 4Py werd kn€ct or and SI SR signature change). It is inportant
to note that while the present invention has been described in the context
of a fully functional data processing system those skilled in the art wll
- 13 appreci at e t hBbe inventimalidizesenistingt pre-dpcatedintes forvbeirivalid addresspabl e of
being di stributed jn the formo conput er regdabl e nmedium of ..

st Puct i onsSeHIS. lipi 28 SbrRsarl keEiri 5 GtaniTed Spce Qe R A BAF appl | o5

equal Y, T COREIBRS Hocti PG @ ind Aimdlncth BRRloghe A/ ApRGc LT |1 zed

to actually cdrry o t he ution, onput er | e nmedi a
i ncl ude: nonembadimknt) thedandzlziosed lingpenspataliel se el slsngReidd tiendnd Wdnddinee s

(ROV5) or Erasahl e, ctrically. Progranyabl e Read |y Menories, (EEPROV),
recor dabl e t3ASePIERs 5 tgaeﬁ%ﬂhqy %wﬂgw line grapg wnh?tfae arRY e anp ,
and transm sgj : j e TS a ' i l'i nks.
Wil e the | o nngy BRGe AR Boshd o held Il BRmes PERAEN BRATARVARE ot

r ef er ence t olime wilk tlerefeck, anbadi the narrent cyole befobethepiepes detads kpradhongke ski |l | ed
in the art that va\rigus changes in formand detail may be nmade therein

wi t hout depafdi® AY '#1C8%S t he spirit and scope of the invention, For exanple,
al t hough the above exanpl e provi des application of the invention on a

conpil able Read Only Menory, it is understood that the features and design
of the invention Bpptiliasgao aadiliarydiinyabidé wood liheyshdAihngodediayt is natle shoitarpower

of two nenor rr whi ch _have all cells initialized to a known state.
' o v Sl ot pormal s Awouk B Puthr i Spiviiand ool oML ng:
first word I8 R Wilf SEwAhAGRARE WthRE bileAHIFARRE s vaI6hs size memories are

grown. Because of the timing similarity, if an invalid address is decoded as the

address lines are changing, the invalid address does not have a chance to “cut off” a

valid address memory access once the address lines stabilize.



a secaond word line path for sinultaneously processing invalid addresses,
wherein said sinultaneous processing of said invalid address utilizes a
same nunber of clock cycles as said processing of said valid addresses, and
further wherein said sinultaneous proces§?ng produces a predictabl e output.
2. The menory array circuit of Caiml, wherein: said first word |ine path
conprises logic for decoding valid addresses, said |logic having a word |ine
and dumry word |ine output, wherein said dumry word |ine autput is passed

t hrough delay cirguitry. TIh r rray..circuit of | erein:

sai d second word llﬁgﬁfée %&!‘ﬁ_t%%ﬁgﬁr@@_s? %88’1‘@@8%%@%’38?‘%80‘%#3%5? §“§%‘Féss,

sai d | ogi ¢ MAVIROp@Bess Begink 8t MBEIE300 iR Srebeds whedlan a8ddeasis estelvedaygh second

delay circuitry. 4. The frenory array circuit of Cdaim3, wherein said

del ayed dunrshowornatiblockd0buOmoe rdacsivadiDbel address is deebdad aslillusiratedat plock t o
circuit fqr C.aim4, wherein

LSRR ¥ ME N M ML AR TR I
Qo m 5, el SoK SEMARENY s SBITI2 Vel PR v, TTR: JRARS e A efi e nge
to said dat anopnial Watdline and dummy word line path are enabled at block 306. The data out

latch is updated and the memory chip pre-charges, and the memory control logic is

reset at the end of the cycle as depicted at block 307. The operation then ends at

block 311.

The invention provides several advantages, including: (1) the provided
method may be used with any address pre-decode scheme; (2) timing is similar to
that of the normal read path because the invalid word line path grows and shrinks
with the various array sizes; and (3) all logic dealing with the invalid address occurs
within the current cycle, so a high performance chip has no “front end of cycle”
baggage that will limit performance; and (4) if completing a compilable memory on

ASIC chips, the method does not create extra placeable kernels.
MEMORY CIRCUITRY TESTING WITH PREDICTABLE OUTPUT

As previously described, if the number of word lines contained in the array is
not a power of two, there will be some addresses that are “invalid”. An invalid
address occurs whenever a memory array has more address space than array space.
Attempts to read an address that does not contain valid data often proves to be

problematic because the result is not predictable.

Memory designs handle invalid addresses several ways: some map invalid

addresses to valid addresses; some update the data out latches to a particular state,



-is 7. The nmenory array circuit of Caim6, wherein said dumy word |ine
and said invalid word Iine are run parallel to each other to achieve
simlar timng. 8 The nenory array circ%%g of Claim?7, wherein said dummy
word line and said invalid word line are run along a perineter of said
menory array circuit. -16 9. A nenory array circuit conprising: a first

| ogi ¢ for decoding valid addresses, said | ogic producing a word |ine output
and a dumrmy word line output: a second logic for decoding invalid

addr esses, sg| [ i | ' | | t + .and
means for pr oﬁ%t b%g ng%&g%dl{'%ttg%?@a ghﬂg{gﬁgé %?hé%td ﬂ%lc*’%}[églﬁ@léi tﬁ\ll;é asf fd

addr esses ut ¢irduit whersio chapgégpodear. oThsimvention gbvideda methoddnl e wconide- The
menory array circuit of Claim@9, wherein said produci ng nmeans includes: a

first delay benstvghtiest cash pvalid eddress fgr adasipn mf@oqsm&umm)m data gyt latch

when an invalid address is read.

Notable differences between the design of the present invention and some
previous designs include the initialization vector and SISR output. One embodiment
of the invention provides a unique testing method by which the memory circuitry may
be correctly tested. The invention recognizes that the new circuitry described above
needs to be tested exhaustively for stuck-at faults, etc. Furthermore, the invention
recognizes that although invalid addresses are logically adjacent, they should not be
tested consecutively. Figure 5 is a flow chart illustrating the process by which the
response of the memory array circuitry to invalid addresses is tested. Several
function blocks of Figure 5 are similar to those described above in Figure 3;
however, the process illustrated in Figure § has global application to the testing of

any memory component that traditionally does not update its data out latch when an

invalid address is read,

The preferred testing procedure requires alternating of valid and invalid
addresses. In built-in self-test (BIST) mode, the memory system may be set to the
address corresponding to the maximum power of two within the array and decrement
from there. For each address, two accesses are completed, one to the complement of
the desired address, followed by one to the target address. If a target address is
invalid, the complement of the target address will always be a valid address. Thus,
each invalid address is tested one at a time with a different valid address read in

between.



a second delay circuitry coupled to said invalid word line output. 11. The
menory array circuit of Claim 10, said producing neans further conprising:
AND | ogi ¢ coupling said word |ine output and said del ayed dummy word |ine
out put, wherein said AND logic is coupléﬂbto a data out latch and provides
a result for updating said data out latch. 12. The menory array circuit of
Claiml |, said producing neans further conprising: OR logic coupling said
del ayed dummy word |line and said delayed invalid word |ine, wherein said OR

| ogic is coupled [ . OM§ [, f
reget ting s;Pd m’%@?&'@%&gﬁﬁ%ﬁ% OéltgglIﬁ%@%@%@ﬁ@?@%@%@%uﬁ}e 8; Claim
12, wher ei n &amlehiimgs Baddrekd bigs, Mhsthdave 6ivaliadhidreyds and 2 R/alid addresses.

parallel to eac ((D)t herOOtOo achieve simlar timng. -17
T 1t 7 000 O
C 001 001
T 110 6 001 1
C 010
T 101 5 101 5
C 011
T 100 4 100 4
C 100
T 011 3 011 3
C 101
T 010 2 010 2
C 110
T 001 1 001 1
C 111
T 000 0 000 O

The first column shows the complement/target address scheme. The target
address starts at the highest address and counts down, while the complement address
begins at the lowest address and counts up. The second column shows which address
data is loaded into the SISR. In the preferred embodiment, even though an invalid
address is tested, the SISR always obtains data from a valid address and the address
accessed is different each cycle. The data is also provided in an easy pattern in
ascending order for the invalid addresses and descending order for the valid

addresses.

Returning now to Figure §, the process begins at block 500 and proceeds
when an address is received as shown at block 501. Once received, the address is
decoded as illustrated at block 503. After (or while) the address is decoded, the
memory decode logic decides at block 505 whether the address is valid or invalid. If

the address is valid, then the data out latches are updated properly as shown at block



14. The menory array circuit of Claim 13, wherein said dummy word |ine and
said invalid word line are run along a perineter of said nenory array
circuit. _~g_ 15. A data processing syiéen1conprising: a processor; and a
menory array coupled to said processor Vid an interconnect, said nenory
array conprising: a first word line path for processing valid addresses;
and a second word line path for simultaneously processing invalid
addresses, wherein said sinmultaneous processing of said invalid address

e T L I T

addr esses, aneous processing produces a

predi ct abl e j9uh Pwlalid h8dredd) ehediit ol PCRESeMGibhengedlas ShaimdBlockbEs, ei n:
said first ward Iine path conprises |logic for decoding valid addresses,

sai d | ogi c Hadithen theweaddprbease erdscit dlovkyS0%or d | i ne out put, wherein said
dummy word line output is passed through delay circuitry.

Thus, each read to the memory array consists of two reads. The first read is to
the complement of the desired address, and the second read is performed on the
target address. The result of the second read is read into a SISR. The invention
recognizes that the complement of each invalid address is always a valid address. In
a memory array that does not update the data out latches during a read to an invalid
address, the second and final read will have data from the first read (i.e., from the
complement address). In a memory array with “N” invalid addresses, if the
maximum power of two addresses are decremented from the point of the ﬁfst read,
the stream of data going into the SISR will appear as if the first “N” valid addresses
were read in ascending order from the lowest address (0) followed by all of the valid
addresses in descending order from the highest valid address. Thus, the testing
process allows any multiple number of reads to be completed so long as the final two
reads are to a complement (C) and then a target (T) address. For example, a four
read process may be CCCT, CTCT, TCCT, or TTCT, in which the last two reads
loaded into the SISR is always CT.

Advantages recognized from the invention include (1) each invalid address is
tested one at a time, interspersed by valid addresses such that the output of the array
is not a “sea of unchanged data”, and (2) no silicon updates are needed to the existing
ROM BIST structure (i.e., only the scan initialization vector and SISR signature

change).

It is important to note that while the present invention has been described in

the context of a fully functional data processing system, those skilled in the art will



17. The data processing systemof Caim 16, wherein: said second word |ine
path conprises logic for decoding invalid address, said |ogic having an
invalid word |ine output that is passed_}_rough second delay circuitry. 18.
The data processing systemof Caiml7, erein said del ayed dumry word
line output is ANDed with said word |line output to update a data out |atch.
19. The data processing systemof Caim18, wherein said delayed dumry word
line output is Red with said delayed invalid word |ine output to reset

nmenory cont gﬁlgyg#ﬁ&i that the nfe?la sm §? Fl}eﬂig&&npfn%ﬁﬁﬁli ig g%%%?é &rﬂeﬁ{ﬁ]&%ﬁuﬁeag )

wher ei n sai ayed I nva wor out put pro S nac ge to said
dat a out | atcthe farin oFheomptier pradaisis medgurs vE istructfonSlima nu2dy ofifeemgj andsai d
dumy word line and said invalid word |ine are run parallel to each other
to achi eve &hatthegpresenginygntiomapphissequadly, iseendioss phthe podicalar sypeafsignpbl

wher ei n sai : o L 1 i | i g a

sher el n sai SoAHARLAILATS @AAIRTpty bk R blolBifin! E3EmAIS of UomBlEF

A@ . A ?. A rdidabihedintiddeMdRvoldiidhard-doded AYpeymédia sudh 28R eal Oiby O X bBF[
Memories (ROMs) or Erasable, Electrically Programmable Read Only Memories
(EEPROMSs), recordable type media such as floppy disks, hard disk drives and CD-

ROMs, and transmission type media such as digital and analog communication links.

While the invention has been particularly shown and described with reference
to a preferred embodiment, it will be understood by those skilled in the art that
various changes in form and detail may be made therein without departing from the
spirit and scope of the invention. For example, although the above example provides
application of the invention on a compilable Read Only Memory, it is understood that
the features and design of the invention applies to all non power of two ROMs and to

all non power of two memory arrays which have all cells initialized to a known state.
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2, The memory array circuit of Claim 1, wherein:
said first word line path comprises logic for decoding valid addresses, said
logic having a word line and dummy word line output, wherein said dummy word

line output is passed through delay circuitry.

3. The memory array circuit of Claim 2, wherein:
said second word line path comprises logic for decoding invalid address, said

logic having an invalid word line output that is passed through second delay circuitry.

4, The memory array circuit of Claim 3, wherein said delayed dummy word line
output is ANDed with said word line output to update a data out latch.

5. The memory array circuit for Claim 4, wherein said delayed dummy word line
output is ORed with said delayed invalid word line output to reset memory control

logic.

6. The memory array circuit of Claim 5, wherein said delayed invalid word line

output produces no change to said data out latch.
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7. The memory array circuit of Claim 6, wherein said dummy word line and said

invalid word line are run parallel to each other to achieve similar timing.

8. The memory array circuit of Claim 7, wherein said dummy word line and said

invalid word line are run along a perimeter of said memory array circuit.
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10tt 9, A memory array circuit comprising;

a first logic for decoding valid addresses, said logic producing a word line
output and a dummy word line output:
a second logic for decoding invalid addresses, said logic producing a
single invalid word line output; and
means for producing a predictable outcome for both valid and invalid

addresses utilizing said outputs of said first and second logics.

10.  The memory array circuit of Claim 9, wherein said producing means includes:
a first delay circuitry coupled 1o said dummy word line output; and

a second delay circuitry coupled to said invalid word line output.

11.  The memory array ¢ircuit of Claim 10, said producing means further
comprising:

AND logic coupling said word line output and said delayed dummy word line
output, wherein said AND logic is coupled to a data out latch and provides a result

for updating said data out latch.

12.  The memory array circuit of Claim 11, said producing means further
comprising:

OR logic coupling said delayed dummy word line and said delayed invalid
word line, wherein said OR logic is coupled to a memory control logic and provides a

result for resetting said memory control logic.

13.  The memory array circuit of Claim 12, wherein said dummy word line and

said invalid word line are run parallel to each other to achieve similar timing.
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& () - WKXXI 102 102 f 31092 & ()-f f.3100R & ()- f,y 109%R
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farion ()- 1S 100{5%Iés)ses, wherein said simultaneous processing of said invalid address
utilizes a same number of clock cycles as said processing of said valid
qddresses, and further wherein said simultaneous processing produces a

predictable output.

16.  The data processing system of Claim 15, wherein:
said first word line path comprises logic for decoding valid addresses, said
logic having a word line and dummy word line output, wherein said dummy word

line output is passed through delay circuitry.

17.  The data processing system of Claim 16, wherein:
said second word line path comprises logic for decoding invalid address, said

logic having an invalid word line output that is passed through second delay circuitry.

18.  The data processing system of Claim 17, wherein said delayed dummy word

line output is ANDed with said word line output to update a data out latch.

19.  The data processing system of Claim 18, wherein said delayed dummy word
line output is ORed with said delayed invalid word line output to reset memory

control logic.
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