;, €3e88t @Q.6<Tmw | APPARATUS FOR RANDOM ACCESS MEMORY ARRAY SELF-TEST 5 FI ELD
OF THE | NVENTI ON The present I nvention relates generally to random access
nmenories (RAM |n|nte ated circuits and, nore particularly, to the test
of such cir n nore parti cul arly, to their test on-chip. 10
BACKGROUND @H‘WMM | ON Motivated by the desire for both | ower cost and
hi gher per grat ed 15 circuit (1C technol ogy has noved

t hroughout its*#P%8%ory toward building larger and larger circuits

(RAM) ?LPEJZE i roui ¢ sdﬁ;;vzezhﬁéz»&m@m@ﬁ L he sense of
i1, the Targer sHRAMbOMMoA CLISHREEMGRIT AR & SRERTES £ °To

test it. Also, the nore expensive the 20 cost of a defect i'n the circuit,

as a single defect can result in the loss of the whole chip. Not only are

RAM s fabricated as stand-al one chips, but they are also built enbedded as
function blocks in other integrated circuits. Such integrated circuits

coul d be glesi gned and produced aprEimogerdralivENTIignded far a variety of
applications and as application specific integrated circuits (ASICs). 25

Wth the size and corrpl exity of nodern integrated circuits including RAM s,

testing has becone grtant. i ssue. Size. and cqQst constraints t the
broa on the intoor BRCBERR UGy SEREHEEEHY HEogem AR eeHBaAPES RALD bn

flip-chip 50'1?1%%' u'p ?ulﬁsncﬁildt Bford b&%cWaHE} Eol‘ﬁertgﬁLHftsﬁE‘ﬁ cﬁEﬁl?sCBn(f’fe\Jeh%BH‘g

access to the v unctioning areas of o, not all functions
of the chip agratiedirdy, nalkheyr tastaintctip.e for di rect test Even if 30
connections to sonme of these areas were available, the long traces and

addi ti on]aq ext er nal

BACKGROUND OF THE INVENTION

Motivated by the desire for both lower cost and higher performance, integrated

15 circuit (IC) technology has moved throughout its history toward building larger and larger
circuits comprising more and more devices. The development of random access memory
(RAM) integrated circuits have shared in this movement. In the sense of containing a
larger number of memory cells where each cell can store one bit, the larger a RAM
becomes, the more difficult and expensive it is to test it. Also, the more expensive the

20 cost of a defect in the circuit, as a single defect can result in the loss of the whole chip.

Not only are RAM’s fabricated as stand-alone chips, but they are also built
embedded as function blocks in other integrated circuits. Such integrated circuits could
be designed and produced as standard chips intended for a variety of applications and as
application specific integrated circuits (ASIC’s).

25 With the size and complexity of modern integrated circuits including RAM’s,
testing has become an important issue. Size and cost constraints limit the area on the
integrated circuit available for use as wire bonding pads, flip-chip solder bumps, and the
like with the resultant effect of limiting access to the various functioning areas of the
chip. So, not all functions of the chip are externally available for direct test. Even if

30 connections to some of these areas were available, the long traces and additional external

G
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, .Circuitry necessary to access themwoul d introduce signal del ays that
could render the results of such testing questionable. Thus of necessity,
sonme testing circuitry is now often included on-chip. On-chip testing al so
has its share of difficulties as chip area available for testing 5 1is
limted, as is accessibility to nodes for testing. Delays introduced by
trace lengths also continue to be an issue. In addition unless the chip is
desi gned for mass production, the costs associated with design,

manuf act ur i ng c;BMdyReEsse@ o Recddt Mnk fou¥EintAddEd i8Rl deldys drddRId fdndepttd Y
is often included in largé integrated circuits. Techniqués avail able, as
for exanpl e | assmits ofisuciytesyimg questiohablee Mimalof nécadsifyy soingdesitngt Gralbtrpfs hbw
IC and its replacen?n mﬁtgﬁthe redundant part. This process is cost
effective, siREELEK r%5e®P'he added cost of the redundant circuitry is

| ess than the cost gssach ﬁf‘g 3}3&03@5 }tb enate 6F Hﬁfﬁ&ﬁﬁes"!skﬂ%ﬁ g@‘a\}%ggéaﬁf g&?l(lgllg

circuitry. The addition o ndant circuitry 1s espe

circuits i thiglapked,ian astesgibility eo hiodes fordestingo Detays itedduasd iRAvhaidngthb also
types of nmenory. In such circuits a limted nunpber of defective cells can
be 15 repl ace@8oRinus to he an isgus ol addition walesstherdinisidssigned for mass preductinedhe

agai n, howeve . WM | r Lan, design
costs can be %?35#%§§1?$§Wﬁ§éssp%4’%éagﬁgdﬁglr}g%f %élt-egﬁisd %bgggﬁlﬁ?ghfe%s for testing
RAM functi on bl ockg ddyiérag| tegutida@t icireuitrysis isfea ihtlated e darpe ifhtdgracdd pirodits.
are typically somewhat renoved fromthe tested area introduci ng propagation
del ay errors, Teehmiquasgvailahde @s fosexamplalatey fipgning: permsit theasmopy oz%eﬁ@mve parts

circuits 18"" Cgf Re IC And its replacement with the redundant part. This process is cost effective, since
on average the added cost of the redundant circuitry is less than the cost associated with
the yield loss without the additional circuitry. The addition of redundant circuitry is
especially valuable for circuits with repeating structure function blocks, such as RAM
and other types of memory. In such circuits a limited number of defective cells can be
15 replaced with the redundant cells embedded in the circuitry. Once again, however, unless
the chip is designed for mass production, design costs can be prohibitive.
Thus since current on-chip techniques for testing RAM function blocks typically
require a substantial area on the chip and are typically somewhat removed from the tested

area introducing propagation delay errors, there is a need for enhanced means for testing

20 RAM circuits on-chip.



SUMVARY OF THE | NVENTI ON I n one representative enbodi nent, an el ectronic
circuit for self test of a random access nenory array is disclosed wherein
the random access array has a plurality of 5 nenory storage cells, wherein
the storage cells are organized into a plurality of slice arrays. The
electronic circuit includes a control circuit, an address selection
circuit, an input/output circuit associated with each slice array, and an
error detection circuit. The control circuit directs the address sel ection
circuit to index through nenor gUdNIATSE ©F THREINNVOEWTIONCI rcuit al so directs
each input/output circuit to wite data into its associated 10 slice array
at the indexed nenory address, to read data fromthe associated slice array

at the indexed menpry address....and .t q. r he.data.rea 0 e

Sesouatod o1t oo ait dar PR AR Y RSP A el fiiC Skdul BF Sy HATRE A Fpmdgm,
the indexed NREREYmeRARPaTay EEHs@bdearwittpbiaaht eahdohd Gébicks a@hy Bad & PlefaHty ofof
the self test data conparisons fromeach input/output circuit and notifties

the contrbl cinenwry stofagetrells,axhdrein thé stobagesslls areesganized Gith@rplusgdidy tof sdave
advant ages of the present invention wll becorme apparent from t.he fol [ owi ng
detai | od- deschTHFi Qe SAREROITENS RS PATIPL reHo s SUBRB AR ACHGD HAH 68,
Illustrating C@%Mﬁcﬁﬁ@?&o‘éia‘t&ﬁwﬁﬁ batH s‘l’ﬂc@%g&{r, ahf Gn'eHYL BEte&ibn éi%CITit.BBth

DESCRI PTI ON NGS The acconpanyi ng draw ngs provi de visua
repr esent at i ogwsitrohcizduitviréctdothe uddmsg selevtioe cirobik Yo ohesx thirbeglt imeniony addreasesand

can be used by those_ skilled in the art tp better .S understand |{t and.it
i nher ent  advahiegadrol P’i‘ic‘%lhé%dlé‘?céﬁl\?aﬁ ér,lpqtg’!%@“rt E‘F%‘%IEWC‘@HWL@E”&F%“F a%%%}%tsg

corr espopgli ngyak SHENL She FH@¥ELmimbey &m@és@,%%aﬁa%tggm%gmsgagﬁédrsﬁcem%a@w

circuit as described I n various representative e I ments consi st ent
t he t eachi ngsthefndeked mameny dddress,fand tr @n?parsthe dbtaredd filora ghicassadiated slice array

electronic test circuit as described in various 1Q representative
enbodi ment s B thet whttenitp thepasacated slicg ary a&%@ﬂﬁ%ﬁ%w agrl&ﬁﬁeTbe pFor

anot her bl ocky (i 3gh AFe@t colbRtsGhafits bPHeGelrisH dbia'cotiphrifths $Rt EAdBSHphtloutput

circuit and notifies the control circuit of the results of the self-test.
15 Other aspects and advantages of the present invention will become apparent from
the following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.



various representative enbodi nents consistent with the teachings of the
invention. Figure 4 is a block diagramof circuitry for RAMself repair as
described in various representative enbodi ments consistent with the
teachings of the invention. 15 Figure 5 is another bl ock di agram of
circuitry for RAMself repair as described in various representative

enbodi nents consistent with the teachings of the invention. Figure 6 is yet
anot her bl ock diagramof circuitry for RAMself repair as described in

vari ous representative enmboHRIERNDESCRIPTIONOF WHEDRYeWnEashi ngs of the

i nvention. -4 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS As shown
in the drawings for purposes of illustration, the present patent docunent
relates to novel apparatus for the automati.c testi n%@()ft tI:?AM Cligrﬁm'hsq
on-chip. 5 Previ oud BSia eQIMP4Yy B, Fragines B Vife iRy eRER & R UoRs YRigh Sl dreapisdal
area on the i i RGrARRNY debdrié the trlvehtiM bt SiitheR¥E bh ke SRIRWIR thd SYRY BEtter
fromthe tested area introduci ng propagation delay errors. By |ocating the
ci rcui try Snecoséastand ot gydritsoinhercnt hdvastages.nln thescadmingsi, hige aefdrancp muhmaraisut
bl ocks of the. t hese pr.obl ens Fave been reduced. Al so, as shown in the
drawi ngs for Hgﬁ s‘é%“ﬁpmg 1?%%@%‘15

on, the present patent 10 docunent
relates to novel aFPﬁﬁéﬁ%sa&'Qs' ahl\6F théRRhiteire 885 RANI LG FdsERYeEd B var
Previ ous net hods for repalr loﬁ%r RAM ci rcui%s rﬁave t ypi cg Iy usselg te%hvr?in(%lgs
such as | aser rapegsantativé embogiaramis cankistenewithdhe @hcldpgeaf the énveatidos. of t he

integrated circuit_chip_and,then replacenent with a redundant part.. .
However, this procg%“gg I%QBL}QEiQ}@ng@ J@a‘?ﬂ%ﬁ%‘&ﬁ‘ﬁwgﬁﬁe?@“ dp viagious
i nvol vedqnBy i i | i : : i : in 15 RAM
i out £ 5P R MRl bBaRhl: onkishAF RIR Q| ABERE he BRARME | 0.0
negated. In the foFigme Bds dedthet kldckldiagramiof dre elactronic tesecisanessndestiped &
of the drawings, |like elenents arge identified with |ike reference nunerals.

1. RAM Ar chi t EEiQis&eProseniatyq sbpdiraents apnsisterivaih the deaghings pethejpgensiona RAM
circuit 105 as desgfd ‘| 1 RS fo¥ R SR8 C I q
wi th the teachi ngsFf ul??ﬁelb Fn?/lgﬁ% ;ag%.rér?ﬁ{fl gt[}f}?ffjf mm%fgg?g%}ge&gg#ﬁésf%o,
al so ref er r edvdrinub eepresentaiveteothmdemeres tensisiéht swith the teachings bftheyineentioal | s

110, are_jndicated_by spall uares...For ease of i.ll atjon,.  only one
Storage L5611 110 i BIEELAICHRORE Pk dinerim 53 ooy ferlbAbL A Pl chsleachond
merory, Wwhi chiniygragl rmnﬁHOMbgdimﬁgmn;iisﬁﬁpegitﬁ (ROMRENIRSs SA8L GRIenYioft 16

words with 50 bits of "data in each word. Using bit-slice afchitecture tor
such an exanpl e, aFigurcé isfyatednother dlogle diagthm rofwhircnitrie foth RAM ceelf-epasant s
one bit of data hut,it is 416 words. Duri t he design phase,, a slice_is
reated that STl B vaious afpriphintive sribadfnests oo il A efaines ot tie
duplicated 50ptédiRm. t0 create the conplete




30 array. This nethodol ogy creates a very tall and fairly narrow array for
this exanple. -5 By designing the RAM array wherein bits occupying an

i dentical ordinal positional in nearby words are noved to adjacent

hori zontal positions, a better aspect ratio for the array can be obtai ned.
In the exanple of figure 1, each bit-slice 115 contains eight cells 110 in
width instead of one. The array nowis only 52 words tall with each 5 word
still SO bits wide. Wrds now, however, are interleaved on the same row.
The aspect ratio OfDE”f'&II%I@ml@'PH@@)N*‘@F THEC PREFMRRETS GUAREODIMERTSPr ocess
resulting in a nore conpact design. A nore conpact design is preferable as
desi gns that have long traces running vertically between cells could
prevent the RAM from functi.onj ng ro ré\?{ at the eds needed. 10 The RAM
circuit 105 of fi gdteSHOWRAP e r;ggp%g,o ]élétr?tg’lﬂe B P e HER

as a random agGesie TeoRl¥ t&ho atuf Pdr Rl Qﬁtoﬂﬁtlg?ésﬁn%th\%ﬁl ﬁft?)ﬁn?éﬁﬂ

divided into sections referre %E%erem as slice arra erelin eac

slice array 1PgBeviows cittmitraforagscp a¢stitlg drave pequiredmabstyntid areagen tded insedrafed
Al so shown in figure 1, each bit-slice 115 includes an I/Ocircuit 130, as
wel | as 15 thélratgé 65 shiny 2aq have afrqnaspnaefélat Ferayad: Brmaiha tegied axea intrgdrcings

t T
control o r ouptomsgts LAt grdry BO Nt BEUSAARARCELALAE Bl Shortfduin R
sel ection cir ﬁ&urbssh@mm@bhﬁ@tpﬂﬁalsﬁdseﬂ&hd)m tHesEprybleing hagebed teduddd for
reading and witing of data. In addition, figure 1 shows errqr detection
circuit 230 whi ch %dgo,uaﬁﬁb@\ynﬂm&ﬁ drawingsdor pPWﬁQSsofllﬁestéawnomemnegenmatent
nfor MRt 80 " GORHNR I B (CEEA Sorf BNl WAd Bl B ad 5 BAM ELERY evious

circuit erview o I‘CUI I gure

di agram Of anrﬁ%ﬂﬁﬁi& 'foriepail ©F R AN lcirdiiits RO tﬁﬁcﬂ%ﬁedb&!ﬁﬂ@eyaﬁdmmser repair
representative enbodi nents consistent wwth the teachings of the invention.

The 25 el ect r Which pamit mer@mqvabebdpfgcta\r%narhep*érhee@tq%atnérC@iCHltafénma@étth@m c

circuit 200. Th i |rc ot dre

and 1/ 0O ci rcwetpfag‘/‘gg‘gﬁ{wgf}&ﬁ Cl rc %%V%%g t@gﬁ (%%sﬁ! e;qg IVe Sag dgq onat

every cell ﬁro@éssiﬁgestaﬁ\&é amn&dzm alblmda{gethetcmhurypﬂ&lé@@ﬁy t@ﬁdpaunmwdts 4R,
as well as other tines. The electronic test circuit 200 includes the

c 8 gt rol @frc UFM scyits iarthe mput/entput blacks ofithe RAMethis prep Phhﬁsé‘ﬁenmaaQCﬁe
30
cdorcss 3056 ot Mg N TR AN ke S 8 A0S

bi t-slice 115likelélementsulré Blenﬁﬁedawnhrhkagefeimodaumamls tten into the bit-slice
115 and that read out of it is reported to the error detection circuit 230
whi ch reports those results back to the control circuit 210. Figure 3 is
anot her bl ocky qum&fln%{gﬁeel ectronic test circuit 200 as described 5 in
vari ous representative e I'ments consistent with the teachings of the
inventioR0 In figuFiguse ltihe diagramo$ thecarpitteentrs ofh RAM ¢iesfit TS asuddscAbéd have

been interconnected with of her .cifcuits nornall esent in M cirguits
105. 3. Det ai Yaripus Sepreseptative mbodimenys corébﬁﬁwa*flﬁé%ﬁéeﬂ@mss of the invention. tn

figure 1, memory storage cells 110, also referred to herein as storage cells 110 and more

rn

concisely as cells 110, are indicated by small squares. For ease of illustration, only one
storage cell 110 is labeled in figure 1.

25 A representative example RAM memory, which is not that shown in figure 1,
could comprise logically 416 words with 50 bits of data in each word. Using bit-slice
architecture for such an example, a slice of cells is created in which each slice represents
one bit of data but it is 416 words. During the design phase, a slice is created that is 416
bits high by one bit wide. This slice is then duplicated 50 times to create the complete

30 array. This methodology creates a very tall and fairly narrow array for this example.
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10 The control circuit 210 controls the execution of the test that is
performed on the RAM array 250. As shown in figure 3, the control circuit
210, has first, second, and third control-circuit inputs 336,337,338 and
first, second, third, fourth, and fifth control-circuit outputs

341, 342, 343, 344, 345. Wile shown as a single |line, sonme of these

i nterconnection may, in fact, be multiple wires. 15 There are a variety of

i ndustry standard tests sonme of which are referred to as March tests that
can be enpl oyed to BedesightgRNY RANYar2§0whdfeen WAk Cdrclippihg M fidesical ordinal
presel ected patterns in a preselected order into the array 250 and then
reads them baglosiiional in nearhyf wonds @rg mowed fa gdjadent herinentalrpositiansagbetiet hspect
110. Different March tests rformtheir tests ip.a variety.of. such as
whet her ¢ he t dato SidueraysabBe iaetint ho graple AHaRuEY. ehbi et TS cRAfinS
array 250 and & PRy i h bSw/ls :

Fests porf or e Sug oay inyidkh HRfsal (Fonk "Ik 8Ray aw iR OFR F wpkialioin Sach
the test perforerddtilli 30 biss wide. CWotdsalows ihoswever, Addintdridavedaoii titd sarhéeowesThe

As the control circuit 210 interacts with the other elenments perfornng the
test, various 2PastEatnel he§toragratay hpe bepeme HATe §Uale i the progessiespltipg 1n a

Test Oreut trynoreFEieats desighh ' e RO BhaAHesiEh BB b 25 dELBhS (1B b long
circuit 120 cofpéd raffing verkighktylset®ectbiells aould gebventtheRIAN FogxRacti®ing grlc?%'ly

address register 305, and a conparator 375. 30 The control circuit
sends a first attherspeeds3®eded t he sequences 355 at a sequences contr ol

i nput 356 of th 355 55 8hse .h dat

nput 357%nd a sealbneadt sirRy 0555 TEHET Gl A RN 0 AT ARPIERAE &

decrenents a Iefe ¥s A HBdBHSactesd m¥A6HCirfhy! 350, f@%ﬂrbﬁf&%ﬁ.%’ge WL&%O is
stored I n e

menory address of the cell 110 selected for test an : _
addr ess regi stdéridgbisito stctionewierreddp hetein Bs sliveraprapni 48 Wbareiteeachrsbine atrapr,18

i.e., the out EI’P‘% al ue of .t?tjff: segu?nces 35&) i S Qeﬁg red to as an i ndexed
menory addr es S 128505 BPP R ERY G E E‘?ﬁ?rﬁe ioh can occur in random
or in a presel ect ey 1peEkdWin ﬁéiﬁe $! é&hﬁﬁk]i@@li‘ﬂiﬂc&deﬁﬁﬁMcu%lﬁ?ﬁi%@ﬁrﬂs

by a single address space. The sequences control input 356 receives various
commands ltSom theeassocigted stine aohy 318.c Wi constal pod address blacke205oromprises iar garittol

210. On f th ds i.s 10 g d.tq.i t. W i t
command i 5. cCERLAT0 EHL 58 AfTERLIRLeci88 Gl Al (RO ThE BT B PR Iage
Anot her of t hggg eoMIRNdoodress? FRIMRALsE Seldfonel®Rtit 1YH2Ra81BE tEleCLIBORIM of

command i s recelved, the sequences 355 decrenments the nenory address 360.
The second contemury storagei dello i dior 184ding and smiting cf deatac dnchddisioma figuB6B skdwive h
is 15 received by .the. addres | t.i.nl exes 365.0n an dr.ess- tiplexes
control input 38 4?t?ﬁté°faa’a?‘8§§%}9$‘b?’é§<é@“g%§°a1 &? ﬂ&scq‘i"ﬂ@w(’s@ﬁ%ﬁ&@ﬁﬂ
third adgpess; ARINGEERdHR Ay PR fHurl AurindtheIBS 18k @ftrol circuit 210.
address-nul ti pl exes out put 07 The first address-nultiplexes data I nput
367 receives the increnented/ decrenented nenory address 360 fromthe
sequences outpput 358, The ond..address-mul tipl exes data input 368
receives an i fi QYEFVisy %feﬁeifef%?:‘ﬁ‘ﬁﬂﬂ?'y address 372, wherein the initial
self test nenory aﬁ%g : EIHY £ i hd i

110 selected for tes é%hs?bg%‘li ré éggxg;b‘ggnﬁ tl%ﬁgticngrﬁﬁgg{)g&:ﬂﬁgﬁ? %%é’gﬁbhs
recei ves RAM represegtative reagediments kbfisiaddt ewthe shed teachings arfimile imyentédri. oriTlod
the RAM circuit 105. Wien the. second copmmand 2163,i nstructs,the address
mul ti pl eXés 3eisctrenis dest circpi 2 Msiss 2lpq retggad dQ dergin 25 plestosicy et AB0: Blay

it ti . . ' f -
et adar escclstifitic b SrBREAB6 Sl My bl BH6 T ARt MR O RIEARLUE Be Ratl'®
370. \Wen t hecis@tOI05 Hdoanbe Fﬁfgfﬁarhma taiebiseveReceldd 0T Sha RIAM Ir@XES0 A 6mto

sel ect the second address-nultiplexes data input 368 as its active input,
t he address niest ipatkagede86B0WPawR:fasrwelt ofoeier $inags. t Fhe slectpnic test circuit 200

addr ess- mul 1 pl cxes 20 dal L npll 388, L LS AU SRR RS8R YRl

30 selection circuit 120 described above. Data is written into and read out of the bit-slices

-6-



363 instructs the address nultiplexes 365 to select the third

address-nul ti pl exes data input 369 as its active input, the address

mul ti pl exes 365 transfers contents of the third address-mnultipl exes data

i nput 369 to the address-nultipl exes output 370. The addressnul ti pl exer
output 370 transfers its contents to the RAM address register 305. 5 The
conparator 375 receives the contents of the RAM address register 305 on a
first conparator input 376. The conparator 375 also has a first conparator
out put 377 andlstﬁ@ﬁggdleqw&@élﬁt P30 Sfdabl bit3Ti8e 118) €T EOREP@IsH fPompaPingAHB ALAS
the contents of the M address register 305 to the initial self test
menory addr essrBR2 iatedtheditaslidentlld ansl that xeed ok nbityis sefuhried $0 31 erorr ke ctiwin
test nmenory address. 379.is not shown aon any of the 10 draw ngs. For
conpari son quHB‘é‘éZ?OWf TERy ti}Pf‘?’EfF‘%?et?al‘:%tt%g}e C}‘PEFFBEVT%’% ss 372 and the

final self test ”e'ﬂ%%e %qgéxgoﬁger?’o‘vlgclﬁﬁeﬁ%%ﬁ?ﬁ)tpg Qfecﬁéﬁmés? 8irE'IﬁE QO@‘aé Gdsd te@

the conparator 375 tain romt circurt or obtal ne

ot her meags. Whwaiiidubeepeesehtalive embodirentAlnsignesih tregeshitgs 30ha invédtiomns ane
as the initial self-test nmenory address 372, the first cornparator output
377 is set tofigneidakevarinus coppopeniis ehths test caruit RA0 Raxe berariatescqnagriedewitBos
is the sanme as,the. i ne’ti al I§el fest etslt &r@g%ri%uqd% ss 372, i.e., at the

begi nni ng of PWgrflégly_sr\%rgﬁ Y RESEhA 8 he M address register 305 is
the sane as the final self test nenory address 379, the second conparator
output 378 is set to indicate that the contents of the RAM address register
305 is the sadeDetail pESelf Fest CixpnitryesContrabCircuiter ess 379, i.e., the end of

test h d. 20 .The first trol-cir.cuit.,i 36 i h
st s een, o2t o B0 They ALyl 61 R St BERIGP °
out put 377 i nliA@abigy 24RIAL SR wrARHRReS, Be &H&o%ﬁ‘i‘ibﬂ%ﬁ ﬁE—ﬁ,Qdeééxl?d, and third

the sane as the initial self test menory address 372, t control ‘circult
210 is so i nf conmd-catuit inpats 336,337 338and first,tse¢candyithird Fourthaed fiftheostrobaidcuit

conpar at or out put 378 indi t hat e cqontents of .the RAM addres

regi ster 305 ?ﬁpvﬁ%eﬁ%ﬁ@aﬁ%ﬁi%@ fi‘&g’le Wt @812 PrfaFyl%}dF‘é%‘? Qggt,hef‘%e

control circuj I LN control-circuit input 337. The
%Eer%%ﬁebﬁor?ﬂl%ﬂfn%% gﬁh@g& Qads. p

control circuit 0 may sweep t rious test sequences and may repeat
those te$f sequencEhererare anviaety afriddusiryostérulasd teststsenrel ofavidsh aberefersed tohas

i nportant characteristic of the control cjrcujt, Z10 1s that jt i i

i ndependent tﬁﬁéhéﬂ\?fénbfefnﬁ@ P tast marﬁ?yo%foedﬁéew@e’gﬁsﬁﬁm%g on
the size of RAMALYELSHeR in-abreseldetdiiidel il thd RN an%§250 bRS thetBERAYthemn
address 372 conparison result 'as reported at the first” conparator output

377 and the fbackloustd Verifgshe mbappity ofild megsory Atoregmgrdlsild 0n Different Mesch tests

reported at the_second conparator qutput 378 to tell] it where to start and
Where o of o FETRGT 156 1B ratabior WE suclia et he s YeBE ue O B b

can be uggd qges@d@mﬁaa@amémaﬂ'}tiﬁmtthaa%pér%hmeema@me{tle%%eated.

integrated circult chips. 5. Detail of Self Test Crcuitry - cult:
Agai n in figufThe ¥st vatessperfoompd hemtesen toultd detoistr tharr £ March2@6. [Regardiesrof

i nterconnected with agther circuits normally present jn RAMcircuits 105.
Duri ng nor maltg'?LEFSBB qednit iy, FQPY‘BII"FATcuHaﬁQ tg@(ﬁ"oflgo*sﬁ]bﬁeﬁted into i nput

regi ster 381 and i J $on®B1 Eirdift 2 NRinRdrh G € with tRY othiBel R desfolfids
fromthe slice ar r%;s/m’iélésotnan%j 1wrdl?tt tf;ﬁln?éﬁtcg out putoreg? sel'tﬁg{r.l gggfo gltﬁg&gt’
various functions and aspects of the control circuit 210 will be discussed in connection

25 with those other elements.

4. Detail of Self Test Circuitry - Test Address Selection Circuit:
The address selection circuit 120 comprises a sequencer 355, an address
multiplexer 365, a RAM address register 305, and a comparator 375.

30 The control circuit 210 sends a first command 350 to the sequencer 355 at a
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The /O circuit 130 conprises conponents conmon to the bit-slice 115, the
i nput register 381 and the output register 383, as well as a data-in

mul ti pl exes 1305, an inverter 15 1315, an input-conpl enment mnultipl exes
1320, an output-conpl ement nultiplexes 133 0, and an excl usive-OR gate
1340. A1l conponents are present in the I/Ocircuit 130 regardl ess of

whet her tests are being perforned or normal data operations are
progressing. The data is nerely routed according to the operating node. An
i nput pat h fr oayhdiret suptrol MENIHSEOE e saythdnicpd 355 Thé S&fhehcert3B6 aktoilme sequdter
118 and an output path 20 fromthe slice array 118 to the output register
383 are shown daip inpwi35d and a pespenest ouipht 38 drespisar srSS NG enRNts F HSCIemaTds

time share the sane transm,ssion path. The data-i I tiplexes 1305 ha

i rst and secrienapxqRenanD: PheBl b miitord BB alhi ittty hdRal 8 he
dat a-in-mul ti plgXq8 seiBed %or tbRHY stb3QBin tROHAM 48dRsd RpiriI0B! EP1RSreilk Betthe
1309. The first data-in-nultiplexes data i nput 1306 receives a test data

1310, and % he iR&rementation/dedrememation, e tecetpud ahlme ofithetseqBaicer 3% isnederred to
operational data 380. Wien the control circuit 210 instructs the data-in,

mul ti pl exes 1383nppdgxed memory,addiess Agl.¢ frereragntatiqmand froremenAeR £ag PEeYs in

343 i i N ' ' 308
o Sel ect t he tProE: ordh £B{EEARKo Baclf AR ekl ThERaRATbE BbcrbliBll TR
and to transf emngloaidesss Spaek. Thesdquesder Satitfol inpulB56 tepkidse sarilaisomipatidslfo 6

30 to the data-in-nultiplexes output 1309. Gtherwise, the third ]
cont r ol - ci r cuithe Bust pantrodg@cuit output 34 rpfiihe epnirod eiterihl @ Ontef these commands is

data-in-muyl tipl exes ntrol inp 1308. to sel ect the.second

dat a- i n- it t1 GG de Ioroptl. IohsP inp TRl Oy, I TECeInerh £ ARG 35S
contents of t Qg &ReREhdAletory alilield B6EX Aotk df it cohdRdndsiis & coRiafR! to
operational data 380, to the datain-nultiplexes output 1309. The

dat a- i n- nul t i dearmentc oWhew the daoremend 08minmng iefeseirbd,ythe wequenbén I5SMicbeerments
accomodat e the r%l‘ui r?ed%éco nds. The input register 381 receives data
from the dat a™HPRUCE] H1€ES®0ut put 13 09, and the inverter 131S receives
data from the i npuirye&eonti®bntedidoirchit Suipie 942 FRLiRRRE oL drhBh X 863 Wt f3as

first and second input-conplenmentrultiplexer data inputs 1321, 1322, an
i nput - coipl enesteived byithe eddress mohiplaxer BaHon ah3idrest-nudtipleaer control input 366.

i nput - conpl engnt -yl tipl exes oyt put 1324, The first jnput-conpl enent

il i pi oxor  Ahe afirse PUDIoneB 0 Also AS sk SeRonA @Bl (BiR SPEGFS TR tBger dara
t he second in - i ) : j i _ ut
of the invertfeﬂrha Iz})j@@gtgﬁ%étddg%ﬁp etl n%‘&rﬁ’up@#g@%%%%dﬁi% r%?l?i ?ékte‘lagd
second out put datenppetn3Gn reneilves tlecinerenctated/denrEnientdB3Ribmb3B 2ddmes 360 from the

out put - conpl enent -nul ti pl exes 15 contr.qQl input 1333, and an )
out put - compl oFRSRERSRIPYPHT 458 Tt SeEAR o atsss THAIPIF srlata imput 368 receives an initial
out put coppl enghf ¢ bk ey, Whekdin it IEYES nildh Gyl Jaare ¥

regi ster 381, andeg{t‘]#ghlsg%on eout pl’Jt-COITr]l)| erren%a?r%ru t% exe?yd%taslg?gatlg?géz
recei ves the nmetnouy adidredsi360iofitherfirstrcell 3106 selétted farhest.cThe thitd atidressimulfiplexer

instructs the _input-conpl ement nultiplexes 1320 20 that it.is to wite the
test data 1316atainpatIeRreesivesdiManerporysipragesgH P addrasses dwing nrmal epsratier

to the input- I}&P@ .= Milikpl exes control input 1323 to select the first
i nput - conpl errén - i%éﬁcggel?gdata i nput 1321 as the active input and to

transfer contents @fhehlfige debsrsd contiatid IT3IMYtEIRRIthe MdrédsPnaNFRx 63 th BRledt tH321
to the input-conplenentnultiplexer output 1324. \Wen the control circuit

210 i nst 22ict sfirshaddregsemuliiphqxicr datainpes 367 s itp petivesinpat? the: asddress mulypleseni#65 e

the inverse tgst .data,. the rth control-circuit t put .34 rapsmts a
command ot HEHSERPER Shaht e isee Bl o Rt 436 HBE et
the second i npyiHiamp! AitpaY 370! t WX 8 9@bad! Qikthald 2%32nsiiittsaflel ¥&dreBPut
and to transfer contents of the second input-conplenent-nultiplexes data
i nput 1322 t omulipléxep 365 cospleetintsecnnidt adureszesultplepat datd 2dputIB8er itngctive

normal operatjon, i.e., not test, the input-conplepment nultiplexes 1320
input, the address multiplexer 365 transfers contents of the second address-multiplexer

30 data input 368 to the address-multiplexer output 370. And, when the second command
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-11 .transfers operational data 380 stored in the input register 381 from
first inputconplenent-mnultiplexes data input 1321 to the

i nput - conpl ement -mul ti pl exes out put 1324. The out put-conpl ement nul ti pl exes
1330 and the exclusive-OR gate 134 0 are 5 used to conpare the data read
fromthe slice array 118 with the expected value as stored in the input
regi ster 381. The out put-conpl enment nultiplexes 1330 has first and second
out put conpl enent-nul ti pl exes data i nputs 1331, 1332, the

out put - conpl e3éAtinstmicts fhleeddsess ondiiplexdrria toleBt thentdhirtdteeldress-multiplexer data
out put - conpl enent - nul ti pl exes, output 1334. The first 10 )
out put - conpl et 3fH 26 113 REtiESINARY 6 a@ézﬁss fsgtiplﬁwé@é@na%f%cqmm ohéhs thind

regi ster 381, g ta = mht i 2
Fecerves the SOESHABITAER R bR spR PERIaHERL: MUAUB £ YERA S8, rHEHHark
instructs thenfiliplekercttfalt3me Ransfeld itddRx@ss 1o3IBO RiAMtadtifess fegiftesBiFECt t he
test data for conparison which is stored in the input register 381, 15 the

fifth con®rol -circdihe compprator335 reecivesithe somsentarafitie (RAMnsldoess pegistendPF enmant
mul tipl exes cantrol input. 1333 tq.,sel ect .the first
out-put - cop! oNE COMBRE B o emmyfmf%rﬁﬁa?%sqfwé 3fE CRMPATRIRE YRt 377

transfer contgpig s&foPB.QS{n- DR Gt Y8 TR é%r%xﬁaéﬁtla?ﬂs compares %hﬁ. contents of the

out put - conpl enment - mul t'i pl exes out'put 1334, rw se t

cont r ol - ci r cuRtAMuidfiress regdiert30&ns thetinitmbsaifitest membheaddress 372 and to a final self-
out put - conpl enent - mul ti pl exes control input 1333 to 20 select the second
out put - conpl effstmemery adsiress 849 gEing! sekbigst memgorypddrege3 Al ismpbshoypen amo fthe

transfer ;gont e i u - &

out put - C(% I e%&ﬁ:ﬁgg;n yllg({}icr?#@@%%ﬁ?%ﬁ%%@%%ﬂ%ﬁ&%tgsgg'é?sﬁa er%cb ragfl{ 38%?7% tmiis
irrel evant whigehfihalf sdlSiesOepitry GadR)se 30tdtuld be) P¥ Wxampled Habd WireBhito Qhe
second out put-conpl enent-nultipl exes data input 1332 is transferred to the

out put - conpl eeamparatort375) ekieineduirerutthe ggntrol-girgiited10, jon abtaingb by other means.

represent ati vg,enbodi nent i\hst Qut put - conpl.enent - nul ti pl exes, d

Pbut 1331 1 o WEERTGE EpEtscs e BN ad LA I (i i Be HERL it Tors
The excl usi vemeRogph@drést?dr 2D first Sdmphslos SGBMB 756 bt WRticdte Bk thd dhRM s
1341, 1342 and an excl usi ve-OR-gate out put 1343. The first exclusive-OR-gate

i nput 1343 r eefthe BAMaddress mgistera 05us fgtsame g Hrednitig B f-teaiomemerysadsioens 372,
excl usive-OR-gate jnput. 30 1342 recejves.the out put.- ement -mul 11 Xes
output 1504, Tt theRekinne b nee Wb gan et B IncGRRt SRR s B E
read from t henglkhbe adfeNinal déif-tebhineorpaddrais849) the tdtand Héz&EEraE&QJuﬁM% 87883
and presented to the first exclusive-CRgate input 1341 with the expected

val ue whi ch iset & imdovdte that the comtputs of g RAM adiigéss aggistpr Hais tlagisanee asitbe fimebnd
excl usi ve- OR- e i nput 1342. n.the data.in the outpu regi ster 383
mat ches t hat %?ft’tieﬁterng?ﬁ%f esdg}g’ &-ﬁe&&c@%‘&ﬁ%@’é%ea’a{f%"ﬁ%‘ﬁo outputs a
binary zggo to thergXHrisloneolBrdat Rptifiiecdiddthe ROheats T4né Al CoRDarator

O herwi se, the exclusive-OR gate 1340 outputs a binary one to the

excl usi ve- OR-gupet 390t prhenttBdBrst oothparaiongutpuf 37 indieatedihathe Dextents ofithe BeA ¥
Test Circuitry - Errar d ctijon circyit:. The error detectjion_gircuit 230
s a pl ur al | 34 reaistst SHERabE e bf il SR DeRonAIdiR 3y B prial
detection cirguy.t 1P inforted AP @H‘S},Rllgl_ i BHlt 86 Whiy e FRoat

1343 is trans gy?tgg%%{ﬁls agsocﬁgt ed er rcormdg@ect I ()rwgél: r cglg%%ognp‘é?g%?&
The error detamput@¥8dndicates thatihic comtbnts ef tHelReANWesldtdss registértBd5dx thesame as (B2
gates 1340 for everfy bi t o . .

25 final self-test memory address 379, the control circuit 210 is so informed at second
control-circuit input 337. The control circuit 210 may sweep through various test
sequences and may repeat those test sequences in various orders before it terminates the
test.

An important characteristic of the control circuit 210 is that it is independent of

30  thesize ofthe RAM. It has no knowledge or dependence on the size of RAM addressing.
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15 slice 115 and reports the result to the control circuit 210 via the
error detection circuit output 232 to the third control-circuit input 338.
7. Redundant RAM Model : Figure 4 is a block diagramof circuitry for RAM
self repair as described in 20 various representati ve enbodi nents
consistent wwth the teachings of the invention. In figure 4, the RAM array
250 is divided into bit-slices 115, each of which includes its associated
slice array 118 and 1/Ocircuit 130 as previously stated. The RAM array 250
al so conpri segt gsek AtURARMN el BbdsERehbPy adRlteis|3q2 thRpBMnataiaYasieBored ab e ARY
defects, the redundant slice 410 is not used. However, should a defect be
encount er ed, datpafdtaver@putids7rand thedifizal celfidest mentory addresse3 79 o nyarisannesut tbhe

defect, and the redundant sljce 410 is used in its place. The fol] ow ng
error types, WERQStedaAtthe 4?&01?4 CAIMpAIater EB‘E’H{)gﬁfé‘ft@i {t Whez i tarand sgherg do stop

corrected usi i he [ L s [ Tl i4.ed
Bit (two ad; acaienAr LR ARliBAeARE Lol il A0 colbRENE Qldn al SR fbF
pai red colsumm diffaventeRIARCBlotkEot diffesentintbgratedvireaiarips! i ce), and (5) slice.
Essentially any and 30 all defects occurring in the sane slice can be
repaired as repair occurs via a remapping -13 of slices. In the exanple

f fi 4, th i &-ski | 1A, di to k-th bit-sli | 15
8ont :aigﬁ;ea de%eg?eqéﬁgfmiﬁseé“gﬁw e%?@c’!ﬁé}ﬂr‘e?out i ng Ibi t-ss: ?ge /0O for all
bit-slices 115 to tAwid iifgRt BNehrions! demhpiaehtd Codite ki efedit 200 halbebder N

bit-slice 115. Each bit-slice 5 conprises two |/O paths, a normal bit-slice
|/ O path 420 antercenzdctesiwith ethbi dirouits sermalip ppesent in RAMBircuitd 105% Durisg narmhéle

o1 - 11 cd0r/ OPBHBNRY PRSGRT R AN a5 s Fopierc1 g 1 Fattofato the
bi - sl od¥l / OPBEFHGR | e ne
of that bi i sPreRraya g DRSS REEE dim ROt iRl viRRg AR (o idE ey

i nput / out put B883.those bit-slices 115. Thus, all 10 bit-slices 115 to the
right of the bit-slice 115 ¢containing the defect 415, as well. as_ the

redundant slice 410he¥Qcirryddll comprpgs compopsnts mman tq thebizslice 1 Anthe innut
left. 8. Overyj f | 4caUlL i Fl O L .

di agram of ci }r[é(,gﬁgl%fr%? lggg H%%ﬁ}l%suet %Aéyétgp{ﬁ%f é%‘géi%iaéssac&rllkhﬁgld& ‘i’%’f’lle%gl\cjgﬁagh&%&er
repr esentlat i ve3Esyan dipueebmipiaomnsit afudiilexdrtiB20,xa cugat-tomgtentdnt iudtiplexert330).

As in figure 4, it is assuned that a defect occurs in the k-th slice array
118. In such @aagsan exclusive-OR gate 1340. All components are present in the I/O circuit 130

regardless of whether tests are being performed or normal data operations are
progressing. The data is merely routed according to the operating mode. An input path
from the input-complement multiplexer 1320 to the slice array 118 and an output path

20 from the slice array 118 to the output register 383 are shown in figure 3. However, in
other embodiments both paths could time share the same transmission path.

The data-in multiplexer 1305 has first and second data-in-multiplexer data inputs
1306,1307, a data-in-multiplexer control input 1308, and a data-in-multiplexer output
1309. The first data-in-multiplexer data input 1306 receives a test data 1310, and the

25 second data-in-multiplexer data input 1307 receives operational data 380.

When the control circuit 210 instructs the data-in multiplexer 1305 that it is
executing the test, the third control-circuit output 343 transmits a command to the data-
in-multiplexer control input 1308 to select the first data-in-multiplexer data input 1306
as the active input and to transfer contents of the first data-in-multiplexer data input 1306

30 to the data-in-multiplexer output 1309. Otherwise, the third control-circuit output 343
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remap.register 515 for the k-th bit-slice 115 inforns remap sel ector

circuit 520 to redirect data for the k-th bit-slice 115 to the (k-1)-th
bit-slice 115 for storage in the (k-1)-th slice array 118. The remap
selector circuit 520 in turn instructs a wite selector circuit 505 far 20
the k-th bit-slice 115 to wite the data for the k-th bit-slice 115 into
the (k-1 )-th slice array 118. The remap register 515 for the k-th
bit-slice 115 infornms remap selector circuit 520 to redirect data read from

the (k-1)-th stin6@itskcamniahd td thel dia-kr-iithiléxes cbitoliaputl1308ts aeletethe @Btond
The remap selector circuit 520 in turn instructs a read selector circuit

510 25 for t halate-infmbltiplexer datainputtl307 eadhe hetivéanputf and toHeanstericoptants bf ¢ke
115 fromthe (k-1)-th slice array 118. Figure 6 is_yet another oc

di agram of ci PE¢ANddptarigrm ZET at?@ﬁéﬁEogsl-%é%oé?’iab%@r?twn@g&}t%ég& tothe data-
representative, ' | Wi, t : ' ' 1.QnN.
Figure 6 shovxgn \?gjr? ?}glhg&c%}’lﬁ)él 3?%‘?%5[;}1 r%g%%a‘%e@?ﬂgggeng%&@ggg ﬁ}lﬁfsgglr}ﬁ lt?u‘%%?f}{tﬁ\%s

30 circuityy ibits widet dctdmivdaientheitequirgd somadds., (2) the input-conpl enent
mul tipl exes 1320, -14 3) .the out put-compl enent nul tipl exes 1330, é;;) t he
slice array 118, (Shheirputergisien38] sepeitesdatadom thedate-gy-mulfiplexeriongiuid30% aput e

1340. | n addi iean %rﬁrtlgﬁ Ci recvuei tdrgaégse for {]r%rnﬁsl Mread/wite functions
and defect detSctyon 'ﬁéfﬁfrﬁ Redty “y‘“PB g6 éé Yepair is as foll ows:
(1) awite multimpegnRi$-coRplentert Aultipl&e2d380Mhds RbxaSeddhd infudcontifletRARP

regi ster 515, and (4) an OR gate 620. The wite multiplexes 605 has first
and second w mudtiphakeridptadmpys 132341322 606080-complamérntenuitiplepemsoatrot maput 323,

i nput 608, and write-nultjplexes_ output 609. read rnultiplexer 610
a6 i £ otl0and 288 i iReE SRR G Pl OB 11251 5 TR, e nAvcOPIEmEst-
control in Utn‘ﬁl:i‘l%p | £ . I '

515 has a Iroer nap fsfé?;hgfas{ngrﬁp}%uﬁebgkgggﬁ%(hg’h?g{ﬁalgﬁ ]?tergysgfeégg gﬁ&%tﬁ&' G%Tahﬁlhe

OR gate 620 hapui-compleareit-anitpldxédidatanputi 132 recebizs tiecutpuntchfalne Regeat 1315,
out put 623. As long as no defects 415 occur to the left of or in bit-slice

"k" 115 in figure @het AEPRI-FImEPEment Jrakiplexgnsl33d banoiish Al second \quitpat-

operational d g i : i 1. I Y

Bl al i co 1150 PEPaR IR AL b0 ESPE ad BhiboOrBRaRal ahplexer

i nput - conpl eneditroTitdput 3335 asd dnidRfputasmplahaitaedtiplexeduatylit 3334 Shefirsfoutput-
complement-multiplexer data input 1331 receives data from the input register 381, and

the second output-complement-multiplexer data input 1332 receives the output of the
inverter 1315.
When the control circuit 210 instructs the input-complement multiplexer 1320
20  that it is to write the test data 1310, the fourth control-circuit output 344 transmits a
command to the input-complement-multiplexer control input 1323 to select the first
input-complement-multiplexer data input 1321 as the active input and to transfer contents
of the first input-complement-multiplexer data input 1321 to the input-complement-
multiplexer output 1324. When the control circuit 210 instructs the input-complement
25  multiplexer 1320 that it is to write the inverse test data, the fourth control-circuit output
344 transmits a command to the input-complement-multiplexer control input 1323 to
select the second input-complement-multiplexer data input 1322 as the active input and
to transfer contents of the second input-complement-multiplexer data input 1322 to the
input-complement-multiplexer output 1324.

30 During normal operation, i.e., not test, the input-complement multiplexer 1320
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figure 3. Also, the read multiplexes 610 is enabled so as to read data
stored in the associate RAM bit-slice 115 into the output register 383
associated with that RAM bitslice 115. Wien the output of the OR gate 620,
identified as OR-gate output 623, is a binary zero, both inputs to the OR
gate 620, identified as first ORgate input 621 and 20 second OR-gate input
622, are binary zero. The binary zero at the first ORgate input 621

i ndicates that no defects were found in any of the bit-slices 115 to the
left of the K-fhshid %Eb@ﬁoaahSdatar@ha RRyr&i NArthe 28p@t adgidthe 38LCHHE Rt Afpft-
I nput 622 indicates that the k-th bitslice 115 is free of defects 415. The
fact that no defrpd¢rsentiBultiplexef datadnput 13B% té thehinbitt gimplemeatmaltiplaxert dneput
test phase is recorded in the remap register 515 by storing a binary 25
zero in it. I|f32fowever, a defect 415 occurs in the k-th bit-slice 115 that
fact is recorded i e req T ' t
R R v et S e R regglgs%edggg&é%@ggn
I n a reprgsentygéd doifatd aldaRtead AemItReEiiceray 11 8 ivithlthe bhissotetowdlge Hosterad
binary one value stored in it. The OR-gate output 62 3 30 then becones a

bi nary one whiiethesnputongister B81.k-th wite nultipl exes 605 to wite the -15

value fromthe (k+ -th input register.381 in t he r f the,k-th
bit-slice 115. Thi il"}écppmqt-gg{npifgg@ep{ult 475 i&?sgﬁﬁgﬁggg g’é‘i)asﬁﬁma%t Quipyt-
the k-th bit-glj 1 4 3R§Q 353 ¢ g : ct
415. O nore ?%ggp?ﬁt%?ﬂlgﬁte ?\g f%@? ﬁ@%;? 3? hg:ﬂr" e’aﬂéllérrul i plog%éégﬁﬁlgtn%{rlgiﬂig%%ut
swi t ches t he rcemdolnmpti P33 end@he dutputicomplerhdntimuliiplexer olthhit 1834.edathed fitrst

fromthe (k-1)-th bit-slice 115 into, the output register 383 .for the k-th
bit-slicd 115ouwgf-e%pkrnepﬁ@v{lﬁkplpycrtdﬁtamuté5516 ceﬂ@ida@iﬁmz%ﬁw@m%%t@wl,

tput 623 f : ' ' ' [ i 1,
the' CR gate. oRbE g ol Roinbfemich pitytenfiald i 1353 rctbtIERE oL (e
i ndi cating t haivettbe13f ect 415 occurred in a bit-slice 115 prior to that of

the (k-1)th bit 10 _slice 115. This value for the output of the OR gate 620
for the (k-1)th bi (Whenthe contsoleijeuit REQ nstractythe euipy-¢arpplessst rgpkipjexer {330

(k-1)-th bit-glice 115,t I t.e rat.l onal. dat Q omthe in
Foginer ag1 Pt s bR ettt oy BRRRR A hich R Borddls WP ROl B dsr, o
(k-1)-thibit - fel ffhlcbatrol-Bireuitrafpat 345 NrdrdmitsVednhahndl€s Ghé Raghudorplerh &a-
data stored in the (k-2)th bit-slice 15 115 will be read out by the read
nul ti pl exes emgltiFlexaseoptrolnpuh33s to-selqct therfisst pyiput-eoraplsmephmulien)eeeredatagl

and v 1o funBPRORET B BE GRS ol e o s BTRRRRe b JB4R o Biep 3BT ch BB

array 250 is &@phieébmplement-multiplexer output 1334, otherwise the fifth control-circuit output

345 transmits command to the output-complement-multiplexer control input 1333 to

20  selectthe second output-complement-multiplexer data input 1332 as the active input and

to transfer contents of the inverter output 1315 to the output-complement-multiplexer

output 1334. During normal operation, it is irrelevant whether first output-complement-

multiplexer data input 1331 or second output-complement-multiplexer data input 1332

is transferred to the output-complement-multiplexer output 1334. However, in the

25 representative embodiment, the first output-complement-multiplexer data input 1331 is
transferred to the output-cc;mplement-multiplexer output 1334.

The exclusive-OR gate 1340 has first and second exclusive-OR-gate inputs

1341,1342 and an exclusive-OR-gate output 1343. The first exclusive-OR-gate input

1341 receives data from the output register 383, and the second exclusive-OR-gate input

30 1342 receives the output-complement-multiplexer output 1334.
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20 9. Concluding Remarks: I n representative enbodi nents of the apparatus
described in the present patent docunent, techniques for the on-chip
testing of RAMcircuits on-chip are disclosed. Present techniques for
on-chip testing do not require substantial area on the chip and are

I nherently |l ocated closer to the tested area which reduces propagation
delay errors. By 25 locating the circuitry necessary to perform such test
in the addressing and i nput/output blocks of the RAM these advantages have

been obtained. In OriegxchgiveaSRBhrIBYe b ovRipage tht dufageaifpernaheslice array
described in the present patent docunent, techniques for the soft repair of
def ective RAMIdS; whichds storeddingles exfput registes 383 anépleasniedto the firstepelusive-GRM

ts d t t h th |
et oot v par etop EHAICvERGiy iperiedabehich i fhred Paht arit R Sstand
-16  present g ﬁ%ﬁsto the SOSHAREYT e AN oA AP iS&“aWhBﬁQﬁ@ﬁﬁa“ﬁ ﬁ%‘?ﬂ.@[yﬁf €

I nvol ved. By inc Ing the circuitry necéssary to repair defects in

circuits imn thegistep883 matqhst tht @filse edpected datdhetdxehmivedVRdatey 2340 avepinsen
obtained. Wile the present invention has been _described in detail in

rel ation to 5 binasy é@rerw he elusisodRraate uippelMarndicaineRasccrse Pspydentha s
h b |1
e under st bod RV RHETIR Yk Plag°dRRfs g Bty Bl BcRiive ORI Bl 105

in the form anghiginaid Milgfe. t he describ ed enbodinents resulting in
equi val ent enbodi nents that remain within the scope of the appended cl ai ns.

-17
10 6. Detail of Self Test Circuitry - Error detection circuit:

The error detection circuit 230 has a plurality of error detection circuit inputs 231
and a single error detection circuit output 232. The output of each exclusive-OR-gate
output 1343 is transferred to its associated error detection circuit input 231. The error
detection circuit 230 combines the results of the exclusive-OR gates 1340 for every bit-

15 slice 115 and reports the result to the control circuit 210 via the error detection circuit

output 232 to the third control-circuit input 338.

7. Redundant RAM Model:
Figure 4 is a block diagram of circuitry for RAM self-repair as described in

20  various representative embodiments consistent with the teachings of the invention. In
figure 4, the RAM array 250 is divided into bit-slices 115, each of which includes its
associated slice array 118 and I/O circuit 130 as previously stated. The RAM array 250
also comprises a redundant slice 410. Should the RAM array 250 not have any defects,
the redundant slice 410 is not used. However, should a defect be encountered, data flow

25 is routed around the bit-slice 115 containing the defect, and the redundant slice 410 is
used in its place. The following error types, which are the five most common defect
mechanisms, can be corrected using the techniques disclosed herein: (1) single bit, (2)
paired bit (two adjacent bits within the same slice), (3) single column, and (4) paired
column (two adjacent columns within the same slice), and (5) slice. Essentially any and

30  all defects occurring in the same slice can be repaired as repair occurs via a remapping

-13-



VWhat is clainmed is: 101. An electronic circuit [200] for self test of a
random access menory array[250] having a plurality of nenmory storage cells
[110] in a RAMcircuit12[105], wherein the storage cells [110] are

organi zed into a plurality ofslice arrays [118], conprising: 14a contr ol
circuit [210]; 16an address selection circuit [120], wherein the control
circuit [210] directsl8the address selection circuit [120] to index through
menory addresses[360]; 20an inputloutput circuit [130] associated with each
slice array [ 1df8lic@&wherein the control circuit [210] directs each

i nput / out put CIrCUItﬁ£13O towite data intg its associated slice arra

[118] at an i ndexedifBf6¥ymRiaedfgyte 4.389 pii-stige 1 b2 aormepanding o kﬁﬁ baggl&ﬁ LXEN

slice arra ] , h
data read ?rg)jcjogl%r%@as%gggpgs x@ﬂc ice n)aéfrc fegSJ y[el%ﬁ%‘][tﬁg tSht%ggll/td \%’rrcat%g ﬁﬁ% ﬁ%e
associ ated sl itgenhefismydibadlin@udinBané BHRYKEE 10% Y the RAH bRSHicE 34 5] ,EaQ:hCBﬁsﬁBe
error detection circuit [ 230], erein the error detection circuit [230]

~. 8~ . 30 cobmprises trmd(ﬂ)psths,faIIOInmalslmt-ShctaJé@pd@n@%odpahemansbltf-slmlé@@hth
t | out put 3 ies.t trol t (2

Fooul e of 1 nd25” Birstsss 115 o s MR g bucalios 118 comtuinind G &%t%&peﬁmmn

claiml, wher glofinbii- SO BhE 420 Brifiirdout iy BFERACHH. sméshlls e Wesi115.

circuit [105] I'n an I ntegrated circuit ectronic circuit

recited in cl @omainingtier difect4ds andaibod-sies 115 % the[rZgh of dnd bithdiceddSaslize
selection circuit LlZO are enbedded in a control and address bl ock [ 205

of the RAM ci thaii altqmaie pit-shice ifﬁépaéh%ﬁi@ﬁﬂm@pﬂmw pf [h?@@]’lt'ébc?seblie w5 all
claimi, M‘Gr%it%hth fé)g)tt'i@'n Sfﬁl%%n\t,\ﬁ ‘;%]ﬁ]sét ﬁée‘gs %5 #qag%ve‘jﬁst {}ﬁ

self test "at presele rons erein

[120], i nfor meeduf@art stie®#1@)|ar€ mapped toltBd DD vk 130a0 idemedeaaies. addr ess
[361] equals an initial self test nenory address [372], and wherein the

address selection 6 circuit [120], infornms the control circuit [210] when
t he i ndexed addr 36 a final self test menory address
[379]. 5. Thgggﬁ%ﬂ/‘&ﬁ“ ﬁ?é@#t%égg UW¥ited in claim 1, wherein the
address 2 sel ecti OFigire 64 andtﬁe%@lommﬁﬁﬁ"cnéumtaﬂﬂmselm PheI8%ribed
[365], wherein the a%idress nmul ti pl exes [365] has first, secor{{jah and third

addr ess- A8l t i i axieys reppesentali seambalimzgtyjconsistentwith the teachings of the invention. As
in figure 4, it is assumed that a defect occurs in the k-th slice array 118. In such case, a

remap register 515 for the k-th bit-slice 115 informs remap selector circuit 520 to redirect
data for the k-th bit-slice 115 to the (k-1)-th bit-slice 115 for storage in the (k-1)-th slice
array 118. The remap selector circuit 520 in turn instructs a write selector circuit 505 for
20  thek-thbit-slice 115 to write the data for the k-th bit-slice 115 into the (k-1)-th slice array
118.
The remap register 515 for the k-th bit-slice 115 informs remap selector circuit
520 to redirect data read from the (k-1)-th slice array 118 to the k-th bit-slice 115 for
transfer out. The remap selector circuit 520 in turn instructs a read selector circuit 510
25 for the k-th bit-slice 115 to read the data for the k-th bit-slice 115 from the (k-1)-th slice
array 118.
Figure 6 is yet another block diagram of circuitry for RAM self-repair as
described in various representative embodiments consistent with the teachings of the
invention. Figure 6 shows various circuitry from previous figures. In particular this

30 circuitry includes (1) the input register 381, (2) the input-complement multiplexer 1320,

-14-



6 address-nultipl exes output [370], wherein the second address-nultipl exes
I nput [368] receives the nenory address at which the self test is
initiated, 8 wherein the third address-nultiplexes input [369] is
configured to receive nornmal operational data addresses, and wherei n when
the address 10 ~ nultipl exes [365] receives command fromthe control
circuit [210] to initiate the self test, the value of the second
address-nul ti pl exes i nput 1~ 12 [368] is transferred to the

addr ess- nul t i (3)etkeoutpittwomp]@a@it; mdltipkexer #3340, 4) [I208ice antagr EI§) (hehe output
address-nul ti pl exer_qutp 370] .is cqonnected to the input of the register
[305] and wheFegster3fs, éﬂfﬁé@ e‘??‘fchfsh‘@'ég gaé‘“gf er [305] is used to address

the RAM nmenory in w i : %¥ Rg%ﬁ ; de)gri r ],
wherei n the out put ﬂ%%&c{l I%Itr%gg?ésfer g?f??&lfns&r%%innec ge(? 2 ?ﬁ?ﬁ%ﬁ%&tc{eﬁa

t he sequencer d¢td&hn, cithigfrg hécekdiey fe duROCRPail 325 Foltuwsd YUl pa whitd mukdisldx¥e665 0N
of the address received at the i nput of the sequencer 22 [355], and wherein

t he out puf of (2)ascaskanuitiptexer 6145 §)) therenap registed IiSoand+(d) an PR gate 620. The write

address-nul ti plexer in 367); 24 a ¢ arator,.[.375 wher ei e out,put
e ogi st Bl B8 oS 13t aff shodi PREC RIS totPS oo & Srake)
wherein the c fal t :

(577 ] whe Rl ot ot 508, ohd Sur A AGHRRG AT EI! P Rl B Eploxer

connect ed t o é6Hehasofitst ahd cecondiread-2ltjplexsn enmits 61 1,612, 2 stadeanuiigplexten rcomtitod ut

[377] indicates when the re(%ai ster 30 [305] contains an initial_ self test
menory addr es@PpB9h3, andpreadaneiiplex poouppbbis- c She smarregiieRAS has ajremap-

addr ogs 147ojtoek i R FS Sid 2 éfiab PRk PhiFy 7> The OF e 620 R TratHii¥eona
wher ei n the aQRrE#Sinputib2l]qR2emdran[GR-zhte dutgutieadi st er [ 305], the sequencer
[355], and the conmparator 375] are enbedded in a control and address bl ock

[205] of the 4 RAMAgilongAstno defiests 415 ocryetaathe deft efhercindiit-giset 'k’ 1d8in figure 6,
recited in clal W fe JNBHRYE: 60%%s BMHES S'APH witte Bpefitiohal dat 386 SR hiRSEiuf©

register 381 into its associated bit-slice 115 through input-complement multiplexer 1320.

15 The function of input-complement multiplexer 1320 was explained in the discussion of

figure 3. Also, the read multiplexer 610 is enabled so as to read data stored in the

associate RAM bit-slice 115 into the output register 383 associated with that RAM bit-

slice 115. When the output of the OR gate 620, identified as OR-gate output 623, is a

binary zero, both inputs to the OR gate 620, identified as first OR-gate input 621 and

20  second OR-gate input 622, are binary zero. The binary zero at the first OR-gate input 621

indicates that no defects were found in any of the bit-slices 115 to the left of the k-th bit-

slice 115, and the binary zero at the second OR-gate input 622 indicates that the k-th bit-

slice 115 is free of defects 415. The fact that no defects 415 were found in the k-th bit-

slice 115 during the test phase is recorded in the remap register 515 by storing a binary

25  zeroinit.

If, however, a defect 415 occurs in the k-th bit-slice 115 that fact is recorded in

remap register 515. The fact that defect 415 is present in the k-th bit-slice 115 would

have been detected during the test phase. In a representative application, the remap

register 515 then would have a binary one value stored in it. The OR-gate output 623

30 then becomes a binary one which switches the k-th write multiplexer 605 to write the
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4 a data-in nultiplexes [1305], wherein the data-in nultiplexes [1305] has
first and second data-in-mnultiplexes inputs [1306,1307] and a data-in 6

mul ti pl exes output [1309], wherein the first data-in-nultiplexes input

[ 1306] is configured to receive the self test data, wherein the second
data8 in-multiplexes input [1307] is configured to receive normnal
operational data, and wherein: 10 when the data-in nultiplexes [1305]

recei ves conmand fromthe 12 control circuit [210] to performthe self

test, the val welweffronthel(k+Btthdagerregistord81i mioetheﬁlehmjdbfthéﬁﬂﬁbltishce 115. This
transferred to the data-inil4 multi pl exes out put, [1309], 16 otherw se, the
second dat a- mcMmsﬁpwe@ves Oifn@mnquwwf as FnyieHd in l'édiblbslaqeamwlheugnomdje

to the data-in-nult.iplexe u 9 t 1
wherei n the odfsGdt 18?‘“ %‘ag‘f‘ ﬁ"r?drlf’%?‘%%gge@@%t ? ?gﬁia gg"ﬁké& g‘ft?d(o
t he i nput of th'M&d

out put of theh?ﬁ%%l%%c&hgtgler F%%‘%&@%gthfﬁ%%%ﬁlﬁg g’g&?gogﬁ%ﬁ?%pthut o ﬂeﬁél%
i nverter [5131bdad dat faomitimeoikt1)eibriyd- siruerlﬂSnnﬂotthqsdnﬂpmsregﬁ&Q%S forttke kith bithdice

i nput - conpl ement _mul ti pl exes_[1320] . has first and second

i nput - conpl em!iﬁmﬂﬂa@loéit]&@‘sl)z@hlhﬂlﬂesuﬂBZl 1322] and an
| nput - conpl enent - rr% ﬁce%ﬁeég. oa?yélﬁ'gﬁtf&%?fgé%skv{ﬁ%ftes'h@eH'Sfe%r%'d d{%y elofirs{(? %ge

register [381] is conmnec i nput-co

input [1321], indue621,"the R @atcnstip@§ 623hRr ith/@- 1 e b{t-bﬁ&@hs be@&ﬂése@bﬂﬁry Qnkhe
second i nput - conplenent mul tiplexes 32 input [1322], and wherein: .21

34when, the ciudigating¢hatdhe defptdP depumred ok asbitishicy rierdenshas o6 then(k-1)th bétces

et i i - ool Disent Bhdtelie s BE obimpt B PGk s Bra s BF D fbibppec Tas

| nput - conpl engpficHeyiid %?é‘:ﬁﬁltgi#)&&' 605 for4rd ﬂé@})fm{-m&q 1546 %vrifé‘ h&éf‘o[;f&aﬁ Sifal

second i nput-conpl enent - mul t1 pl exes40i nput [ 1322] is transferred
i nput - conpl endath-380| froml thedsputt egistdr B8244f, the dnthobit-slite t1Hpd bewvitten into the

mul tipl exes [1330], w&%r(gi n flhe ut %-44corrp| ement nultiplexes [1330J has
first and secBWEOR,Pp Qﬁéﬁi‘l‘ ﬁi tipl exer inputs [1331,1332] and an
out put - conpl enent - %&hﬂﬁ&éﬁﬁﬂﬁ%ﬁﬁ%eskﬁﬁ@tﬂbov@lﬁé 413 stoli iR WL 2)8 bitRfice

i nput register [38 I's connectedto the first
out put - cdhpl ehEnhtvilirbé réadl et dy thepeat dl8pleker 6ieofihn (ki@ 4Bobitslite IS5 trite the

| nput [ 1352] SRR TRBGIRE N SORROrL) T o 1a5) BV bR Tb0f et for et rem
C1' Oo. arr ay] 10B TRy S i B S S i R AP

i nput 54[ 1331 i,btesseir ansferred to the output-conpl enent-nultiplexes

out put [ 1334] , 560t herwi se, the value of the second

out put - conpl enent - 58mul ti pl exes input [1332] is transferred to the

out put -c | egredhn Pidldin P REXEN QUL put [ 1334] ; 60an out put register [383],
wherein the out. pu%l regll%k i383] recei ves the62contents of the slice array
[118J; and zz  64lmmpmssehtasve enbRligwents {184 epparathe deicribedan theqiressntpateit

I oxcl usi ve SEUEID] e SRR IoF RSy D G of A GPHIA OPLIPIHSe AUEIRSES.

register [383rekcht techniques for on-chip testing do not require substantial area on the chip and are

inherently located closer to the tested area which reduces propagation delay errors. By

25 locating the circuitry necessary to perform such test in the addressing and input/output
blocks of the RAM, these advantages have been obtained.

In other representative embodiments of the apparatus deécribed in the present

patent document, techniques for the soft repair of defective RAM circuits are disclosed.

Present techniques for repair of RAM circuits do not use techniques such as laser repair

30 in the removal of defective parts of the IC and its replacement with aredundant part. The
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connected to the first exclusive-OR-gate input [1341], and wherein the 68
out put - conpl enent -nul ti pl exer output [1334] is connected to the second

excl usive-OR-gate input [1342]. 8. The electronic circuit [200] as recited
inclaim7, wherein the input to the 2 error detection circuit [230] is
connected to the exclusive-OR-gate output [1343]. 23

A, L A&uU, ?. ALR A uy. A&aR AL;, ?. AR A(y. Aa. AGN@P. A9; R A&N, ?. A&Ne. Ag;
.Aa.A&ay.AF(’>Ay A9. AL A" ?. A AMAMA4: {7 \P

j }xsnid_Z] ca] cgde F@d&@d franeap miv@adxﬂaﬂ&a&&abﬁﬂadrs@&ﬁag%@dp@adreahﬁ@]veal CB},C
a] ca] ca] ca] ca] ca ajcalcalcal]cRala. 5N f/F7*}r xsni d_Z] ca] ca] ca] ca] ca
a] ca] ca] ca] ca] ml'-@a]ccfhf @HPWG@P@Q?W&P caqa@aqquaqts;a] as}r@al]tszu] the) ma]lb,’a}ltxm]tc
aJca] ca! | ! >#EH# sni d_Z] ca] ca] ca] ca] ca]
ca] ca] ca] ca] cal %Qf %%%ﬁc@f aﬁ%ﬁ’]‘ 8%?%5‘]"8%%%5‘}%@] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal _" ccRFhj | | {yRiR™MHeOBkREMPinvention has been_ described in detail in relation. to

q}q: rrsSsstjtuttujuuu}xsnid Z] ca] ca] ca] ca] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] c3] ca]epm]smaétua:]enﬂjodajma}i ﬂm}&o@]thac]lssax]lha] amﬂarhzhanbs/hhﬂ'e I8sen presented by

e oo esl etk t el ssbel il
(o) oo cacy cal LAt E el caf%a?%a%f*@ feeibeeteaiban] ooihe dkanb ol

e’ [ Vni d_Z] ca] cajlaiimedts asultingahecghivalenatmbdiajents| thattemajicwithiedhe athpadp € éid c
a] cal] ca] caU] ca] cal ca].calU] ca] cal] ca] ca

*039j gl s?J FI\/Z&‘PR&'F‘EQ\ S{ Vni d_ZU] ca] caU] ca] ca] caU] ca] caV] ca] caU] ca] caU] ca]
cal] ca] caU] ca] caU] ca] caU] ca] cal] ca] cal] ca] cal] ca] caU] ca] ca] ca] caaov, GVKU% 6
=KRJzuoj e [ Vni d_Z] ca] ca] ca] ca] cal] ca] cal] ca] caU] ca] caU] ca] ca] ca] ca] ca] cal]c
a] cal] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] caU] ca] ca

&p- 58KWY% 6=KRJzuoj e [ Vni d_Z] ca] ca] ca] ca] cal] ca] caU] ca] caU] ca] cal] ca] ca] ca] c
a] ca] caU] ca] caU] ca] ca] ca] ca] ca] ca] ] cal] ca] ca] ca] ca] ca] cad4M K-10% o& ()-!10%
'0& ()-110% 0& ()- 10% o0& ()-f 10% o0& ()-ySZ 10% o&' () -

10% o0& () -44hl* *10% 0& ()-(&$10% 0&' ()- 3"!110% 0& ()-&

:$10% 0&' ()-10% o0& ()-10% o0& ()-9s10% o0& ()-:{dE* *10% o0& (s9%$10% o0& ()-2!1
0% o0& ()-1"%$10% 0& ()-f/10% 0& ()--110% 0& ()-,s!10% o0& ()-7
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bC *10% 0& F 10% & ()-910% & ()-9!10% & ()-L,!10% & ()- 10'o 10' o 10' o;
910% 0& ()- \P

dEbC *10% 0& s@B10% & ()-!10% & ()-10% & ()-&L10% & ()- & 10% & () - #10% & (
)- j adEbC *10% 0&' % 10% & () -

"$1109% & ()-"10% & ()-!1410% & ()- &$10% & ()-!10% & ()-.2345N =" *10% " f $10%
JJ& ()-! f$10%gg& ()-10%& ()- 10" 10" 10"

109% & ()-& z109% & ()-s_cdef }rg\ = *109&109%& ()- 10 10 10;

109 ()-'tL $109@& ()- 'L $109%J& () -

“f$109& () -/ FAEg\ = * 1094.09& () - 109& () - & 109& () - #109%& ()- 9

1 109 ()-f10% ()- F7*dEg\ =" *109A0% ()- 109%& ()-f10% ()- 109 ()-SYL10% ()-s
109& ()-*}r}dE:/ 10 10; 109& ()- 9409 ()-&St!109& ()- "109%& () -

109& ()- F&SL09& ()-WKOMH !is $10%"z" & () -

What is claimed is:

10 1. An electronic circuit [200] for self-test of a random access memory array
[250] having a plurality of memory storage cells [110] in a RAM circuit
12 [105], wherein the storage cells [110] are organized into a plurality of

slice arrays [118], comprising:

14
a control circuit [210];
16
an address selection circuit [120], wherein the control circuit [210] directs
18 the address selection circuit [120] to index through memory addresses
[360];
20
an input/output circuit [130] associated with each slice array [118],
22 wherein the control circuit [210] directs each input/output circuit [130] to
write data into its associated slice array [118] at an indexed memory
24 address [361], to read data from the associated slice array [118] at the
indexed memory address [361], and to compare the data read from the
26 associated slice array [118] with that written into the associated slice array
[118] at the indexed memory address [361]; and
28

an error detection circuit [230], wherein the error detection circuit [230]

8.



1S $10%" 2" & ()- !y$10%"& ()-!y$10%" ~"& ()-!y$10% " & ()- 10% & () -
10/ 1| " >#B#CH| ] >3/ 1i 10"; 10% & ()- &LMB10Y&' ()-! &IMB10% " & () - 9% $10% & () -
V% $10% " & ()- 9% $10% & () - CHDHE#$S&Y' ' dB/!i
10" 1 $10%& ()-!j $109%4]1& ()-!$10%p& ()-3, $10%& ()-!; 3, $10%& ()- 10"
10"' 6)))*,q,{Y:B/!i 10L1MB109%& ()-'Lll\/ﬂSlO%Ju&' ()-1" F+9$109%& ()- " F+9$10%/
z& ()- LI'$109%& ()-! L!'$10%z& ()-q,u,v,w, X, t-..p0o{Y7i 1!}9 $10%H& () -
19" $109%& ()- !$109%HH&' () - -! D$109%DHDHE ()-- 10 10 10 ;
1098 () A% 0233* 442 X6{ Y7

0

11 38310908 () - | 3100 pHeots Tesylicphisqli-test data gampisens rom FachiBBRYRItPYL o

$10%4& () - 455555 668~_gireyit [130] and notifies the control circuit {210] of the results of the self-
32 test.

2. The electronic circuit [200] as recited in claim 1, wherein the electronic

2 circuit is embedded within the RAM circuit [105] in an integrated circuit.

3. The electronic circuit [200] as recited in claim 1, wherein the control

2 circuit [210] and the address selection circuit [120] are embedded in a

control and address block [205] of the RAM circuit [105].

4, The electronic circuit [200] as recited in claim 1, wherein the control

2 circuit [210] initiates and terminates the self-test at preselected
conditions, wherein the address selection circuit [120], informs the

4 control circuit [210] when the indexed memory address [361] equals an
initial self-test memory address [372], and wherein the address selection

6 circuit {120}, informs the control circuit [210] when the indexed memory

address [361] equals a final self-test memory address [379].

5. The electronic circuit [200] as recited in claim 1, wherein the address
2 selection circuit [120] comprises:
4 an address multiplexer [365], wherein the address multiplexer [365] has

first, second, and third address-multiplexer inputs [367,368,369] and an

6 address-multiplexer output [370], wherein the second address-multiplexer
input [368] receives the memory address at which the self-test is initiated,

8 wherein the third address-multiplexer input [369] is configured to receive
normal operational data addresses, and wherein when the address

10 : multiplexer [365] receives command from the control circuit [210] to

initiate the self-test, the value of the second address-multiplexer input

19



111[4%40%\ 0\ & ()- 3&P10% & ()-!63&$10%I\J\& ()- 10H 10H 10H;

10948 () - 3&$109H& () - 899; ; <8>>WU6~_=i

19L! $10% & ()-!9L! $10%\ & ()-! MOL! $10%\ & ()-!9L! $10%\ & ()-!4%40%\ & ()-

I Cx4%4.09N W & () - >>>>>’><@\A~ =i

1s$109%6&' () -!s$P109%5& ()-' $10%& ()-!6' $10%5#5& ()- 10\ 10\ 10\;

10% & () - ADCCDGEFG} [ 9~\ =i

11 C) " $109%65& ()-4!)" $10%55&' () 499! " $10%5&' ()-199!  $10%5& () Lt $109%0& () -!

Lt $109658& () - GcHgHhHi Hi I—{I% %{1 ﬁty _S 10%&'181 $10% & () -
105 105 1By: 1096& () - ! [po8l %93 ’(fd @%é%&éﬁ)c%g exer outptit [3
i 1851 $109% " & () - slH&s|$100/'" & ()-s! &s!$10% " & ()-s! s$10% " & ()-S! " s$10% " &

'()-S! " s$10% " & () - SOOEQQQQQQSYj _=i ! | L$109& ()- 10" 10" 10";
10% & () -B6! $10% & () - s!Rabgisteps[365]( )whe&sih$ﬂﬁ%ddr)ssssﬁuﬁf§TW\tMitpgt=i[BV&]SJi@%&

\,\§()~ ;(z zé?%?;/ﬁsg):; 11 -8 lo(méogn)lectédl_t%:h?eo/gpl(l of tlllel_reglgtoequIB 5] and wherein t{‘n)e content of the
16 register [305] is used to address the RAM memory in writing and reading
self-test data;
18

a sequencer [355], wherein the output of the register [305] is connected
20 to the input of the sequencer [355], wherein the sequencer [355] outputs
an indexed version of the address received at the input of the sequencer
22 [355], and wherein the output of the sequencer [355] is connected to the
first address-multiplexer input [367];

24
a comparator [375], wherein the output of the register [305] is connected
26 to the input of the comparator [375], wherein the comparator [375] has
first and second comparator outputs [377,378], wherein comparator first
28 and second outputs [377,378] are connected to the control circuit [210],
wherein the first comparator output [377] indicates when the register
30 [305] contains an initial self-test memory address [372], and wherein the
second comparator output [378] indicates when the register [305] contains
32 a final self-test memory address [379].
6. The electronic circuit [200] as recited in claim 5, wherein the address
2 multiplexer [365], the register [305], the sequencer [355], and the
comparator 375] are embedded in a control and address block [205] of the
4 RAM circuit [105].
7. The electronic circuit [200] as recited in claim 1, wherein the input/output
2 circuit [130] comprises:
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& ()-}q:rresSsstabBmN 9l ! lﬂﬂ’ﬂtlgle&@%&pﬁt) [1308]) %ideréin-the first data-in-multiplexer input

+10% & ()-!1C9" "$10% " & () 10% "T10%W & ()-tjtuttuj uudEnV 91! 10%&8&$1
0% & ()-6s!10% & () - j[msgﬂls(gonﬁgured toreceive the self-test data, wherein the second data-

oA 2 - oA 2 - 0, | 0,
31P$A) 1%(%(5)5 %;) & éiof‘/g‘ggﬁ%&{ 1ﬁeg%d @Ltgé?{‘ﬂ)ls [ iYng{?ji $ré8e@e5 %ox(n)lal operational

109 & () - Bytz{ U} - |1 90 Yaid bedVIRRE () 1) S100658 ().
89! 5310968 ()-18&91 s$10985&" () - | $1096& ()- ! 1 $10965& () -

"bCl ! & 16 & ()-L10% & () - &I 109 & ()- 105 105

when the data-in multiplexer [1305] receives command from the
12 control circuit [210] to perform the self-test, the value of the first
data-in-multiplexer input [1306] is transferred to the data-in-

14 multiplexer output [1309],

16 otherwise, the second data-in-multiplexer input [1307] is
configured to transfer its value to the data-in-multiplexer output

18 [1309];

20 an input register [381], wherein the output of the data-in-multiplexer

output [1309] is connected to the input of the input register [381];

22
an inverter [1315], wherein the output of the input register [381] is
24 connected to the input of the inverter [1315];
26 an input-complement multiplexer [1320], wherein the input-complement
multiplexer [1320] has first and second input-complement-multiplexer
28 inputs [1321,1322] and an input-complement-multiplexer output [1324],
wherein the output of the input register [381] is connected to the first
30 input-complement-multiplexer input [1321], wherein the output of the
inverter [1315] is connected to the second input-complement-multiplexer
32 input [1322], and wherein:

21
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109%& ()-L10%& ()- 9! 109%& ()- ) - F# 0%&
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JKLef i j k| bHOYBY' $109& () -y’ $1‘§gﬁ‘%ﬁw2ﬁg’§§“ﬁ” ﬁi%)&%&%g}&aﬁ’gﬁ ‘?’{

| u] CO%y' $409&’ () - 9By’ $10%& (Valye S Hulire) inplitycobigleMettimali Y u)t-[1321] is
Z} cDO%by’ $10%& () -y' $10%& () - %By" $10%& () ' $109&' () - Wby’ $109& &A NFOYS
YB(y' $109& ()-y' $109%& () - Uy’ Basdgred)toyh mmqn)p m@xsnpmlwrsnm &y
' $109&' ()59 Y $10%& ()- B8y $10%& ()-)y" $10%& () -

x"DOYBY' $10%& ()-y' $109%& () - %y’ $109%& ()-y' $10%& () - %y’ $10%& () -] def gsf E%
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z#109878& () -50 yz#10%@ @ ( )outplﬂ (1324];
42
an output-complement multiplexer [1330], wherein the output-
44 complement multiplexer [1330] has first and second output-complement-
multiplexer inputs [1331,1332] and an output-complement-multiplexer
46 output [1334], wherein the output of the input register [381] is connected
to the first output-complement-multiplexer input [1331], wherein the
48 output of the inverter [1315] is connected to the second output-
complement-multiplexer input [1332], and wherein:
50
when, the control circuit [210] instructs the output-complement
52 multiplexer [1330] to compare test data to data in the slice array
[118], the value of the first output-complement-multiplexer input
54 [1331] is transferred to the output-complement-multiplexer output
[1334],
56
otherwise, the value of the second output-complement-
58 multiplexer input [1332] is transferred to the output-complement-
multiplexer output [1334];
60
an output register [383], wherein the output register [383] receives the
62 contents of the slice array [118]; and
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