281 06/ 2006 APPARATUS FOR RANDOM ACCESS MEMORY ARRAY SELF-TEST 5 FIELD OF
THE | NVENTI ON The present invention relates generally to randomzag:/:ﬁ§§2006
menories (RAM in integrated circuits and, nore particularly, to the test
of such circuits and, even nore particularly, to their test on-chip. 10 .

BACKGROUND OF THE | NVENTI ON Motivated by the desire for both | ower cost and
hi gher performance, integrated 15 circuit (I C) technol ogy has noved
t hroughout its historytoward building |arger and larger circuits conprising

nore and nore devices. The devel opnAernggm@ms menory ( RAM
integrated circuits have shared in this novenent.” Tn the sense of :

i1, the larger & EMEACRRSR N O AR A SRR R T

bit, the larger a be
test it. Also, the nore 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-al one chips, but they are also built enbedded as
function bl.ocks in other integrated circuits. Such integrated circuits

could be designed and produced aEIERAOFFHEINVENTIONNded for a variety of
applications and as application specific integrated circuits (ASIC s). 25
Wth the size and conplexity of nodemintegrated circuits including RAM s,
testing has beconme Hik preR@k idRhtibs Sdifes o %]gqg onstraints limt the
area on the integrat e%l circuit avail gﬁofelfe 0 usrgg%én%ﬁegs BSHURS ) in

f1ip-chip sol defegtatadpeircuitn dnd,reorel pacticniinty) tb ke fees bt hidhtciRbiie GhdOLkyd, tho&L ng
chip. So, not all functions

access to the I uncti oni ng areas of the

of the chip a \éﬁ@f@nﬁﬁ%‘fﬁgﬂ‘ BPe for direct test. Even if 30
connectiQes to sonme of these areas were avail able; the |long traces and
addi tional external -1 28/ 06/ 2006 circuitry necessary to access them would

i ntroduce signal delays that could render the
BACKGROUND OF THE INVENTION

Motivated by the desire for both lower cost and higher performance, integrated
15 circuit (IC) technologyhas moyed throughout its hisfory toward building larger and larger
circuits comprising more and more devices. The development of random access memo ry
(RAM) integrated circuits have_shared in this movement. In the sense of containing-a
larger numbc_er 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.

-~ ~Notonly 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 f:he size and complexity of modemn 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 p_adé, 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 ﬁmc_:tions of the chip are externally available for direct test, Eveﬁ if

30 connections to some of these areas were available, the long traces and additional external
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resul t$ of such testi ng questionable. Thus of necessity, sonme testing :
circuitry is now often included on-chip. On-chip testing al so tl%s/(%é72006
share of difficulties as chip area available for testing 5 is lNmted

is accessibilityto nodes for testing. Delays introduced by trace | engths
also continue to be an issue. In addition unless the chip is designed for
mass production, the costs associated with design, manufacturing, and test
can be prohibitive. Additional, redundant circuitry is often included in

| ar ge i nt egr at edrcuitrymecessary td ecdess tieas wevhl inabligse sighal Gélapx@aPLSId 2&8Ter the
fusing, permt thf r?rmval of defective E_arts 10 of the IC and its

repl acement wi TFURAET sedbsefing aypstipnable; dhps eteessssity, sasme testirg eirduitry isinowe

on average the_ added; of -t he redundant circuitry is less than the cost
associ ated wi th tﬁ%%@%&% Ss without the additional circuitry. The

addi tion of redundain-eip tiihg dsb Bas ieSHALI M dificMRel A b a0hlMK fet Wdehdh
repeating structure function bl ocks, such as RAM and o}tjher types of

menory. | n”such lERifed, g i§ ageessibiliteie nedavior testingl dPeleysiiveodizkd by trace lepgths also
replaced with . ndant_cekls edded in t.he circuitry. Once. again
however, unl esésgﬁ%fihggot:%%ﬁg%mdg%cﬁggn Ssnté%%h‘Bl’% ’(ﬁnie‘é)%‘?ly’:ﬂ%?ipé‘?p"&gg%ﬁ’éan
be prohibiti vecosmsmﬁtapﬁtﬁ%ﬁmtmmﬁaﬁﬁng%ﬁ@msﬂbﬁﬁéoﬁ%?%ﬁweh ng RA(';/'

n the chip and are

function blocks typically require a substantial area
typical ly somewhat Adgitiona, fedondatieitceittyes offamemcluded dul larige gniegrapai elrd s,

delay errors, there is a.,need for enh ed ans for testin 20 RAM
ci rcﬁi ts on- Ch-eﬁ_ﬁmggészagpg%ﬁ%@@ébw%&ca@. ] .’PRWWWPH%&%IGECUVG parts
representiat i veraRioahaR epl RBmehSHE ORI GunHER Whit. d‘h?i& gﬁﬁkés‘ié £kt eﬁé%tgrse,r séa}ﬂgé)m

access nmenory array is disclosed wherein the random access array
plurality of SngE¢regsthstaddedpostefthe rednhdusicirctitrg islesy thge thealobisasasdated with

or g 200 1 B L o e S T SO i
Circuit assockgpesidlPvhiiaBRIBr SiduiR vt e%tg{g‘e’su%@nﬁé Fftlotigf bRtk Q. e;%§ Iy

"The <control circuit directs the addres ction circuit to’in
- nenory addr esgukothermiypescafiternbrye iln such cisdusts adintiest mineteeg lof dafeutiveocs Buhn be

circuit wite data, i,nto. its associ ated
55) repﬁzceda W%h eredundant cells emﬁ‘e(ﬁied in the circuitry. Once again, however, unless

gh

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.




10 s'liée'array at the indexed nenory address, to read data fromthe

associ ated slice array at the indexed nenory address, and to C?@H@L@/EB‘@G
data read fromthe associated slice array wth that witten into'the
associated slice array at the indexed nenory address. The error detection
circuit collects results of the self-test data conparisons from each
input/output circuit and notifies the control circuit of the results of
the self-test. 15 O her aspects and advantages of the present invention

wi || beconme apparent from the SUMMMWRY ORTHEIINWVENEION ption, taken in
conjunction with the acconpanying drawings, illustrating by way of exanple
the principles of the invention. -3 28/06/2006 BRI EF DESCRI PTI ON OF THE

DRAW NGS The acconp i i rQyi i | representations iC

will be used to nn?[gg elrj}? ¥ %E%E%@?%H%O%%ﬁn%lﬁ%%%maN&“Jig?lrSﬁg'tﬁgteocﬁm RBse
skilled in theasess hembat irety 5 didedlRes bwiRebih therfadddih Sact ARRF hAdY BREANSSof
In these drawi ngs, |ike reference nunerals identify correspondi ng

el enents. ffi gunemery gfomgecelds avhersin threstaragh celbscara veganized. iRaM plurglifitofadice

Lol nos of 1RERn T FERRSRE A SR O TER LR AR aBhER! s dbatdifein, an
test circuit dpmeeugiitbRGuit As¥dhlc@With ckoh LR L5§ Nl dnVdr i MRReESE @Iréuig.l The

consistent with the teachings of the invention. Figure 3 is another
di agr am of t h&orfrelcaircyitidirecte $he addresaistlectondemoititbamiek through hmensory addresses.

representativ enbotclji rrenhiﬁfo&s:i stent with the teachings of the_invention.

Figure 4 is a Bf SeREYiCHGHE ASGAIETt SRl P GHPURANFEE TG ¥ i3 104Q Tty assOrT abed

in variou r epr@seRlat indendbodi 2 S ' i e

i nvention. 15 Fi.gurtg 5 is another b o%cge%iﬂggrﬁ%rg% %@r%ﬁ??sﬁ’égﬁgrﬁ%im%ﬁp

sel f-repair athededaxed msthory address) andso camppars thetdatairesi o ok axecdisted shicd at-ant
bl ock di agram

with the teachings of.the invention. _Figure 6 is _yet another
of circuitry WHB?‘F%&WE‘@P@P ﬁ?‘)%efh%@e ped @W@%W?’é’ﬁﬂé?éﬁt&q §rEor
embodi ment s Cafsdtoh@ittuitbdibcts 18RI B8 alid Comp B &M 50 each input/output
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.




28/ 06/ 2006' DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS As shown in
the drawi ngs for purposes of illustration, the present patent

rel ates to novel apparatus for the automatic testing of RAM ci r%(l?f/:ﬁ;@VtZOOG
on-chip. 5 Previous circuitry for on-chip testing have required substanti al
area on the integrated circuit (1C) chip and have been sonewhat renoved
fromthe tested area introducing propagation delay errors. By locating the
circuitry necessary to performsuch test in the addressing and

i nput/ out put bl ocks of the FFRIER DESERAPTION OF THEDRAWINGSIluced. Al so, as -
shown in the drawings for purposes of illustration, the present patent 10
docunent relates to novel apparatus for the repair of defective RAM

circuits. Previous gt r L cihcuits have typical use

techni ques such as [aser rgp?%?{“g m%ﬁsggor‘%é%%agre%%%lﬁoﬁw evg]tuji]%;%“se‘ij
parts of the intmgreduliydeicribaittie inPérioaned chebe usedyanesRRillef th fhdark esypgant
part. However, this process i.s expensive as an additional processing step

is involved. Bydertandst agd its dnheront @ilvantagesc di shasy drawingpdike refefenct sunmerafs
RAM circuits i i t] bl.ocks of the RAM this problem has been
negated. In ) gﬁ ICf){c:)}gv|""i)tno/(‘f:11 é’teg%ql%]&s'descri ption and in the several figures
of the drawi ngs, |RikeredliemeEnkfanasfiht dRRlted R IWRAMIKSit E@Jc%EﬁH&ﬁﬁ i
nunerals. 1. RAM Architecture: 20 Figure 1 is a diagramof the arc i tectir e
of a RAM ci r cdfRresegiativs egbodimausiconsistanamithube teaphingeof the inventomodi ment s
consistent with the.teachin f,.the invention. .In fiqgure 1, mry .
storage cells 110, %é%‘grgarlgeg)??%odl?%'aﬂle&e@ré%gmﬂ%ﬁegg‘ém W@aq@%,a@va@pgs
conci sel yigas egirésenthiie e@bBdinitatCinsdicY wiRid ¢ §§ﬁ5§§ - of
iIIustration,ﬁgl_lnly one storage cel I1 110 is Iage e Sﬁ%t?%:glﬁ?e . 25 A
representative exafiguee Rasenether hlockiagram of thet clédtministesteirduit dsi dpsttbed in

| d i se_Logically. 416 ith 50 bit dat g i h word. Usi
b tosl cer ar CHI TS CHFISHAYe PR metes SHRRPIeRt 31t he oo Lo e faveptigiit oq | o
pii-slice ar ! Bt .

ich each slice repmesents blodedhistardbr 4G Llﬁér Wgseﬁfilxgﬂéﬁgﬁgﬁes&g{e?”ﬁ

the design phase, a slice is created that is y one
wi de. Thi s sl|Yaswup sepressntagyp einbadiswnGOcopsistest with thebehihgeoftheplvehgoB0
. Thi t hodgl tal | . faircl f
P Y, a8 D et NOCRERRts RaBBhEPoBa Gabralof ciftlitry i RAM Seltlripait o5 Rscridea
in various representative embodiments consistent with the teachings of the invention.

Figure 6 is yet another block diagram of circuitry for RAM selfrepair as
~described-in various representative embodiments consistent with the teachings of the

invention.




-5..28/'06/ 2006 By designing the RAM array wherein bits occupying an

I dentical ordinal positional in nearby words are noved to adjac

hori zontal positions, a better aspect ratio for the array can é@ﬂg%§é?8£f
In the exanple of figure 1, each bit-slice 115 contains eight cells 110 in
wi dth instead of one. The array nowis only 52 words tall with each 5 word
still - 50 bits wide. Wrds now, however, are interleaved on the sane row.
The aspect ratio of the storage array has becone nore square in the
process resulting i rDETAMEHEEWHOﬂS@ETHE“PREFERR@ﬁJEMB(?BMNﬁ
preferabl e as designs that have long traces running verticallybetween
cells could prevent the RAM from functioning properly at the speeds

needed. 10 The RAM cjrcuit 105 of . figure 1 includes a RAM array 250, also
referred to herein Siiowléﬁaoﬁl??ézfﬁ‘@g‘gs RFBsPoses 33 Iﬁwatlf’%rﬂ%etB?qsﬁ@t patent

The RAM array 25urhsnt réliapé ' ' : et W ciBsi s S
arrays 118 wherein eaqﬁi tsélb?ggo‘gé?%%yéﬁ%ﬁ??%c%lﬁ%géﬁiﬁs%%sm%%lﬁﬁl of -
menory st odage Peestidus cidithl o opkabu tdsting hawe eqiired sttt sbi o8 tBd Mtegrated
includes an 1/0. ci.reuit 130, as well as 15 the associated slice array 118.
A control and 5’5‘3?*&&@ t‘i@é’c@dzg%" e\é%% SPBewhat 1eaivved irom thecigsied 216 mittpdaeing
address sel ect} ' ' L .l eUl 0 controls test .
initiation an %?%%%ggefa¥%§d reg gms}gtg%:%l%l{lﬁglh%cg %sljatry% r{eo%gbsluglg&fsﬁgl the
sel ection of nakipesyingtand agentoatus bIbiks éthe ReA] MigseRdbletistHat@beén fahded.| N
addition, figure 1 shows _error detection circuit 230 which has inputs from
the 1/0 circuits 13058n?F Fwppuindhe dravingy famumeseeohilistetion theapresyns ffadentd

during thgte ' ' iy LM ew el f .Te .
Gr cuigt r yI:ED Fi Sft?rc {éﬁsﬁ‘%}‘saagégg{) (5):@ dgpgzg?éél%nf%?tg %rne%gﬁr%ﬁ ?%ﬁ' © @%@C’E?‘P@uﬁ;ﬁe‘éwas
described in veethedssfor reppired@®AN direitehedipRMlpukansiteidRt st 4 188 repair

teachings of the invention. -The 25 electronic test circuit 200 is also
referred to h&fushPeenbtheremnyat of defeciive pats offfe istegratedmircuit obip end dhin

200 can be bui ' . d circuitry of the RAM circuyit 105
and can be prg%)gag!r??r{gg(t %’?)Eﬁtagg@[n?\%% ycé#g‘%f & SPEO%MWQWVC%GH&QEW'
test, packageptoesssingstegts ipolved. BB} incREir}! e circhiBSnecdR8reloteh s Mefock £ §i

“circuit 0 e e .
%9 RAM circuits in the input/output blocks of the RAM, this problem has been negated.
In the following detailed description and in the several figures of the drawings,
like elements are identified with like reference numerals.
1. RAM Architecture:
20 Figure 1 is a diagram of the architecture of a RAM circuit 105 as described in

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

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

25 A representaﬁvg example RAM memory, which ié 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 thatis 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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various representative embodiments consistent with the teéchings of the invention,. In




i ncl'udes ' the control circuit 210 which controls the flow of the built-in
test and the address 30 selection circuit 120 descri bed above. %f%? 006
witten into and read out of the bit-slices -6 28/ 06/2006 115 t'hroug ?he
YO circuit 130 of each bit-slice 115. The results of conparing the data
witten into the bit-slice 115 and that read out of it is reported to the
error detection circuit 230 which reports those results back to the

control circuit 210. Figure 3 is another block diagramof the electronic
test circuit 200 as Hesisighig the RAM aiia@UShéeRr BREREAIHE 8AUELAERN S dinal
consistent wwth the teachings ofthe invention. In figure 3, the various
conponent s of tBA8itioEak indieaghyj worde aretrageediocdjdcanterarinontst pesitions, la battehaspect
circuits nornal rese in cirecuit,s 105. .r Det ai I, .of _Sel f. Test .
Grcuitry - Con 1%1’% rgfera%fﬁ(tc‘?m E%olﬂfﬂ_ge% gﬂkl}eoqxamp}qﬂ}ffi[guﬁ% cpdHhit-dlics Ypeeontains
execution of t ket esls I r i
figure 3, the control Eﬂ@?ﬁ?ﬂgﬁgg%%eﬁglﬁ%a cond,E %n%gi%F@tﬁW cath
cont rol - ci ricui wardpall $0366,v887., F8&dandwf howéver,sare amterledvad bfl thé eatht howa Mihe
fifth control-circui 8 ﬁ%ﬁl@uts 341,342, 343, 344, 345. Wil e shown as a single
line, sonme of fiRsEEratp IJRIEE A8 hasbecome magersquass 1ihe Prressyfieseléingin. a
There are a vay ' r g . \hi ferred
o s  Marah t oo toribect BB X mbRRCARRC FRIR S Bl dedet Bt Bl icie
March Tests wriraes runminssertiallgtetpath eslBsoild peeven e RA eéntfufletioning frddesly
RAM array 250 ag}gqthen reggl; them back out to verify the integrity of the
memory st or agePtd TRES4SIBRededf f erent March tests performtheir tests ina
vari ety ofgways su u down ry 20 the

addr ess s?o%ce of tﬁigh aﬁrg@ iﬁgﬁﬁgﬁ%@ﬁ’ﬁ%ﬁw iﬂﬁ%zgﬁrﬁk? ﬁ%ftefrggttoi s
repeat ed.  Theheteds s atraridost SocpeithehBBhrRQIB0ETor sERitPE THIRAM Bﬁ@g 2¥Wiﬁh
test. Regardless of the test perforned, it Is the control circuit 210 that

control s the tdddded indo pastionsisfarrsid te hexein as slive armysl Hhwhergintdach kbcosay 118
aspects of the control

o e S et 91,‘5‘1%%% ﬂ%?g%%gagéeddgrf’ﬁgé ﬁl%%eﬁjﬁqcréggg’g“ﬁafﬂ)those ot her el enents.

circuit 210 w
4. Detail .of Self TgsdsHowciifigve 1, cAEiShit-AHSE EESinSRUESH PO cfrbti® 158, as well as

15 the associated slice array 118. A control and address block 205 comprises a control

circuit 210 and an address selection circuit 120. The control circuit 210 controls test
initiation and progress. The address selection circuit 120 enables the selection of
- memory storage cells 110 for reading and writing of data. In addition, figure 1 shows
error detection qircuit 230 which has inputs from the I/O circuits 130 and outputs

20 iﬁ'ormation regarding any errors found during the test to the control circuit 210,

2. Overview of Self Test Circnitry:

Figure 2 is a block diagram of an electronic test circuit 200 as described in vari ous

representative embodiments consistent with the téachings of the invention. The

.25 electronic test circuit 200 is also referred to herein as electronic circuit 200. The
electronic test circuit 200 can be built into the address and I/O circuitry of the RAM

- circuit 105 and can be programmed to test every cell 110 of the RAM array 250 at wafer

test, package test; power-up, as well as other times. The electronic test circnit 200

mcludes the control circuit 210 which controls the flow of the built-in test and the address

30  selection circuit 120 described above. Da_fa is written into and read out of the bit-slices
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The 'address selection circuit 120 conprises a sequencer 355, an address

mul tipl exer 365, a RAM address regi ster 305, and a conpar at or 3%?.(ﬁ€/56%
control circuit 210 sends a first command 350 to the sequencer g’a a -?
28/ 06/ 2006 sequencer control input 356 of the sequencer 355. The sequencer
355 al so has sequencer data input 357 and a sequencer output 358. The
sequencer 355 increnents or decrenents a nenory address 360, wherein the
menory address 360 is the nenory address of the cell 110 selected for test
and stored in ti8 tRAbsiathe TS srduiigl 3t @leadObit-sTdel 156 The treits b €orfiparing the dat

i ncrenentation/decrenentation, i.e., the output value of the sequencer 35%,
i's referred to WIHENHRL e ditedicerd AB rapd fhetriead o®6df it i3 reporerbtit titei emoradidection

Gt ost bei ng oFaR B8 WhichRengr AR FRan bad B B2 Forira Srmr 24€ cpace. The
sequencer control i PRite BROrbEREbURE Mg&&%&&%ﬁﬁ&%@ tte%]%g?cg?%{)pgaég&cﬂbed

control-circuit output 341 of the control circ

conmands i§ 10 ariousrepredentativersmteniments Yhesdstdr eithnie et gsomiEnsehton. In
recei ved, the Pg@u;n&gr 355 increnents the nmenory address 360. Another of
t hese commands“$¥Cg: LIGHFEAY (HPUEEISHFehe tostpiewyiti208 hawe pesncintereanneated with

recei ved, the ' t : ; y address 360. The second
SEGUERGRL oI BREBIERRAM DR TR

control-circuit out put nsmts a second conmand 363 which®is 15

recei ved by the address multiplexer 365 on an address-nultipl exer control
input 366. The address nultiplexer 365 also has first, second and third
addr ess- mul ti gt Sl @hPell Testfuireuitey~ Copgob6ircuitd an address- nul ti pl exer

tput 3%@. The fi - i.pl dat a i t 3 i h
Chehanent o/ door entie SHSIEASLTA L LBk k@b fion AEMe St faf Boebr st on s
The second aditredsraybRso. A esketwndafauid™m e c_%ﬁ@ol_rc?rlﬁ*‘&ftilﬂi Ha0fitdRiskédd, 2 third

sel f-test nmenory address 372, wherein the initial self-test nenory address
372 is the nefRiioleignidipus8d6387.888 and fisst, semhdl, thitd) fowrtlg andfifth oonttassircniThe

110" addr ecsos BV FNE HAFAT>-SRLTAL | ONVBIC CHEVRAM @ SUE TE, SYReroh fasse
second conmmenigbconnBstidiiaby, ih PRt AALERSIWEEL Pl exer 365 to sel ect the
15 There are a variety of industry standard tests some of which are referred to as
March tests that can be employed to test the RAM array 250. The March Tests writes
preselected patterns in a preselected order into the RAM array 250 and then feads them
‘back-out to verify the integrity of the memory storage cells 110. Different March tests
perform their tests in a variety of ways such as whethér the test sweeps up or down thru

20 the address space of the RAM array 250 and the number of times that the test is repeated.

- ..The test or tests performed, however, could be other than a March test. Regardless.of - .. -

- the test performed, it is the contro] circuit 210 that controls the test.
As the control circuit 210 interacts with the other elements perfonniﬁg the test,

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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25 firs$t address-nultiplexer data input 367 as its active input, the
address nultiplexer 365 transfers contents of the first ) 28/06/ 6
address-nul ti pl exer data input 367 to the address- nultipl exer out/pu§ %98
When the second command 363 instructs the address . nultiplexer 365 to

sel ect the second address-nultiplexer data input 368 as its active input,
the address nmul tipl exer 365 transfers contents of the second

address-nul ti pl exer 30 data input 368 to the address-nultipl exer out put
370. And, when sefiécnsgwontolooprtdid of Bie28/106¢c288% T3 cipaicet®IFaliditasadg @sser

mul ti pl exer 365 %o sel g@t ({é\e third address-nultiplexer data input 369 as
its active i npUEta R 33AARCASIHEACET BSOS 3B scanenspedaS insivmentsoreecteneents

third address- ol ' t.he address-nmul tipl exer output
370, The. addr edarbrn ks 360, Sl nclBob AHESESPY 6 BeTimbird oen ot i
address regi st eell BDbselétethfor eRRAT a6l iBile R/ANGIIMESs HMsteOs I Nt Rkt nggé'\"
address register 305 on a first conparator input 376.” The conparator

al so has a°fi r Screpwsdionidseremeniation a7, thaowpet vekeof theaseqparcat 365, duitefirieBES.
The conpar at ora8375. %o%%ares t he, cont gnt ﬁ:@c(%f the, RAM address register 305
to the initial X5 PIPESMFDAB: Hdiers S0l s lacremenigfiomand decagmentation caipgecur in
menory addr esSragd; I f I 79 | on,_any
o The 10 dr an naan o @ préeletel FRleir IR nAHLERR, faRelsithr 3ERAReRlp S
nenory addr es ssig@address spave. Thnatquentd: coreadl inpReBs6/reacidee 8&ichE Lo Rdids FRom
for exanpl e, ired into the conmparator 375, obtained fromthe control

rd w
circuit 210, eﬂ’o‘f%‘?ﬁ‘i@é‘ cgguih eyent $tafdbe saninl eirritddife dnesofdheseisonmmnds is
address ragi stLebmlRdisi initial self-test nmory addr ess
372, the fi rs:a%gorrpard g‘?olﬁrc p%&‘“?%%%ﬁ{@“‘é’ 4 BHt%mi'Iﬂ?ﬁ lgtrﬁceﬂ%nﬁ%eﬁgg%‘ﬂﬁf‘reﬁ%%
15 of the RAMimdeneass theegisioty ad@esd 360. NBAnsMEE oL thebd SoinMdnidhs §¥ofuh &3t
menory address 372, i.e., at the beginning of the test. Wien the contents

of the RAM addfge@ente gVBemntheipsrement eoramendis raceivd thid segueser B55 dstrenremin v
address 379, ator output 378 is set to indicate that the
e

contents of t ressregister 305 is the sane as the final

sel f-test menory awthseendddhtrol-cBenit Slifuciagd t@hshfish sddsd QG%?JE%L&?%P Sﬁ}éctﬂ%?s

The first _control-circuit input 336 receives the contents _
conpar at &  dJigegitied By the adidesss mutipiexernt 36Sompan addvessemtiltiple:®¥ Gohinol inptes6s hat
t h? contents 'f’He ﬁﬁes'sq'f‘nl\ﬂlﬁplcxer 365 also has first, second and third address-multiplexer data

inputs 367, 368,369 and an address-multiplexer output 370. The first address-multiplexer

—

data input 367 receives the incremented/decremented memory address 360 from the
sequencer output 358. The second address-multiplexer data input 368 receives an initial

20  self-test memory address 372, wherein the initial self-test memory address 372 is the

_....Tnemory address 360 of the first cell 110 selected for test.. The third address-multiplexer .
data input 369 receives RAM memory storage cell 110 addresses during normal operation ”

of the RAM circuit 105.
When the second command 363 instructs the address multiplexer 365 to select the
25 - first address-multiplexer data input 367 as its active input, the address multiplexer 365
transfers contents of the first address-multiplexer data input 367 to the address-

multiplexer output 370. When the second command 363 instructs the address
‘multiplexer 365 to select the second address-multiplexer data input 368 as its active
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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addr'ess register 305 is the sane as the initial self-test nenory address
372, the control circuit 210 is so inforned at first control-c@gyﬂé/h@wg
336. When the second conparator output 378 indicates that the contents of
the RAM address register 305 is the sanme as the 25 final self-test nmenory
address 379, the control circuit 210 is so infornmed at second
control-circuit input 337. The control circuit 210 may sweep through

vari ous test seguences and mayrepeat those test sequences in various
orders before i303tBstRIckntheddriss mudtiplexer365rp seleahthedhiad address-suiltipletert digta

control circuit bsS.thal..it. is j.ndegpendent. of _the size of the RAM
It has no know{&ﬂ éﬁégtﬁ%rﬁs %%Bé‘h‘aee‘ﬁ%B’ﬁﬁﬁ@%?ﬂi‘@@?@ﬂ%&&&?@%ﬁﬁ@t@nﬁgﬁ the third
28/ 06/ 2006 |t wé@sssRltidétdrak g lh%(%p S
result as reportedS at tr% fi rstf%%%gga%%@é%pﬁg%%gﬁzﬁ? e fﬁ#aela%&ress'

sel f-test nmenpmpltpldxeratBir 876 tapsfeisitroneatslth tasR AN pdTréRdegttet BES.Second
It _where to start and where to stop testing.

conpar at or _out put 35,3 to tell ]
As a resul P, once d P GrERaies 378 Frgenies SiercogtentsoftheRAMeddrewsdegigter 305 0 a

in f 5 dj 1 ff i nt ' it chips. 5.
Dotail o sel {rocyfiralchim 876 1AL B uBh Rk £ 6RY oubdite il 77
conponent s of dnke deesiid Cditiathtor SRPulBTEe THRRBmphAt@98 '&Bﬁﬁﬂﬁﬁ%gtﬁ@ dohi 6 F the

circuits normallypresent in RAM circuits 105. During nor operation,
operational d lsiress regiptar 3Qttoithe initial peif-tastopentoey aBBdss 3112 ahd ton fihdlede I
rieved fromthe slice array 118 and

into the sli rray 118. a..s. T |
witten into g%tt %’&f“"%&@%‘gﬁﬁ%@s; .In%'ﬁé}'fe/s@lﬁli"?@md@mfgépl%’é weF $h9a Goamyfdhe s
conmon t a g he dkiwingd.i Bér dohiparishe pl I : {
regi ster 383, as vvgl | as a ‘data- P%Si P ptﬁg%@?nﬁﬂg%} t%ﬁgll%’% ?‘gél%gsl%nl%’i%,
an i nput - conpfhenfinal seif-teisp reseory F@dfkss M9 QuwLidube, ClORRkaBR, hatd WiRlekeS 1133
0, and an excl usive- ng%at g 1340, All conmponents are present in the 1/0
circuit 130 FEBFEIEST S0 Wﬁg‘éhfé?mttég rentelecitsnitid Op oF obtained iy other medardat a
operations arwhegrfﬁgemﬁt@g,ﬂﬂ@gqg@ | I outed according.t.o the
operating mode. An input path Tr omtdta#g% %g{&%’-"?c? i g‘r?eqﬁfﬂerﬂﬁl § B?(legte{fgtﬁb
to the slice memayy ddBessB¥2atheditstmstnpRadtdy output 377 is set to indicate that the contents
15 ofthe RAM address register 305 is the same as the initial self-test memory address 372,

1.e., at the beginning of the test. When the contents of the RAM address register 305 is

the same as the final self-test memory address 379, the second comparator output 378 is

set to indicate that the contents of the RAM address register 305 is the same as the fina]

self-test memory address 379, i.e., the end of test has been reached.

20 The first confrol-circuit input 336 receives the contents of the first comparator

address register 305 is the same as the initial self-test memory address 372, the control
circuit 210 is so informed at first control-circuit inﬁut 336. When the second comparator
output 378 indicates that the contents of the RAM address register 305 is the -same as the
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 tést sequences in various orders before it terminates the

test.

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

30 thesizeofthe RAM. Ithas no knowledge or dependence on the size of RAM addressing,

9.

__output 377. When the first comparator output 377 indicates that the contents of the RAM. ...




20. fromthe slice array 118 to the output register 383 are shown in figure
3. However, in ether enabod neats bol h.paths could tine.share ta%" 2006
transm ssion path The data-in nultiplexer 1305 has first and secon
data-in-nmultiplexer data inputs 1306, 1307, a data-in-nultiplexer control

I nput 1308, and a data-in-nultiplexer output 1309. The first
data-in-nultiplexer data i nput 1306 receives a test data 1310, and the 25
second data-in-rultiplexer data input 1307 receives operational data 380.
Wien the contr dit usdstiodtinitia? 3€)f-tessinembtysaddiess 332 dorhpariteh tdshliQX dpotRa e hdk it
IS executing the test, the third control-circuit output 343 transmts a
command to the ‘@gwaratorpwipnt 378 ek dre finsh selbtest mpuorylgids:ss 37% edrmparisdmerekith sis
data-in-nultiplexer .dat.a input 1306 6 as the  active input and to, transfer
contents of thé™Hq eglta?%}%?tsa??‘?ﬂ&f-‘f?mﬁaﬁp}?%%&?“ 40 it‘\filg’ﬁf”hf%edoét%bm}dow fi& to stop
dat a-i n-nmul ti pkexas. AN [ : LL, -

out put 343 -10%@/ﬁ 86$§%8égh{t,go§%§ﬁ$s%ﬁgt%ﬁo&mﬁrgﬁgﬂfcgﬁ t? F}gg at asfggh‘?‘fﬁflt&ﬁ %‘r"é%%lrf"f :
control infut d8EBentRAM WotkstdnaliFaeanmhtegdattdeirevitabigs pl exer data input
1307 as the active input and to transfer contents of the second
data-in-nmultiplexer data input 1307, i.e., normal operational data 380, to
the data- in-nygl {y.pl: : o . a-in-nultiplexer control input
1308 is prefepg'b f?‘{mlga&e%d |%£@vﬁ%§&?o%@§6r%date t he requi red commands.
The input register Agdinricfpwes3 dasfodsr cothpdiRntadbthe tddtl lcirc R 200 havé MBe
1309, and the inverter 1315 receives data fromthe input register 381. The
i nput - conpl emeRteI¢AIRESET with pthepgirruiis sormalltpresedt in Kdvi¢irenibut 05 dirpirgmenimal

I'tipl data_j 1 i nput.-.conpl t -yl tipl ex trol
Mput T1528 TR e et dnee il G R g S e e ey
i nput - conpl enfite Myt 118, ©6 is etidvdd Rt thedfide LBHLI 18834 %&éﬁﬁ@%&ﬁlﬁ&@%&z

regi ster 381, and the second input-conplenent-rultiplexer data 1"'nput
recei ves the 888put of the inverter 1315. The out put - conpl enent

mul ti pl exer 1330 h | L St second out put conpl ement - nul tj.pl exer data
i nputs 1331, 1332, iiwi{é ﬁggﬂﬁ?@ﬁ%%ﬁ-cwpﬁt%mmow thebitslte Ihp tie mpys,

o oA SRR 050 8 by B v

regi st er 1381, 13itfd an input-complement multiplexer 1320, an output-complement multiplexer 133 0,
and an exclusive-OR gate 1340. All components are present in the i/O circuit 130
regardless of whether tests are being performed or nmormal data operations are
progressing. The data is merely routed according to the operating mode. An inputpath
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

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 datal 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

- astheactive input and to transfer contents of the first data-in-multiplexer data input 1306

30 tothe data;in-multiplexer output 1309. Otherwise, the third control-circuit output 343

-10-




t he 'se¢onhd out put - conpl enent-mul ti pl exer data input 1332 receives the
output of the inverter 1315. When the control circuit 210 inst

i nput - conpl erent mul tiplexer 1320 20 that it is to wite the tgs%f/t(g%{/g%06
1310, the fourth control-circuit output 344 transmts a comuand
to_-the-input conplenent-nultiplexer: control input--132-3--to select the
first-- input-conplenent-mnultiplexer data input 1321 as the active input
and to transfer contents of the first input-conplenent-nultiplexer data

i nput 1321 to tteemsinitpaicomerial @i dat -t RIpBSRF catitidd Wpul 3268 1ot HEsecond
control circuit 210 instructs the input-conplenent 25 nultiplexer 1320 that
it is to wite datpeinrmyliplexer daje intutt 4307 e theoaotivh inponendlte transfed comentsatf the
344 transmts co nd to t.he input-conplenent-nultiplexer control |nput
1323 to sel ec%%%%@6’8%“#%%6@%%@9 16 PeTpHoRerational datas§l; tofho datgs
t he activeinp'_nﬁﬂﬁb r At 1 ; .

I nput - conpl emelrI:I{l - mul tlfﬁ?g&ﬂé@ﬂgj&@ aT?ﬁg%tfg %%&‘g{@%ﬁ?ﬁgﬁyﬁ%ut 1308 is preferablytwo
i nput - conpldenehits midd topkentrmodate the redBi2¢d caibmbrttsi ng normal operation, i.e.,
not test, the input gﬁorrpl ement nul tiplexer 1320 -11 28/ 06/ 2006 transfers
operational data 38675&igrEEEISHer $Pkrereipes datalzom thedapgn-myldplekerastipytd 309, and

conpl ement - mul gl.plexg L: 9.t he inputsgconpl ement-nul tipl exer
out put 1324. m‘?ﬁ% ou?%ﬁﬁ%gﬁggyeéraet%ﬁ%ﬁlu@ﬁmﬁug&@&i%%'and t he excl usive-OR
gate 1340 are 5 usTheinpucerimsémentigultpleRer 220 hhd £t dddReIndG oL dodYpldlBni-
with the expected value as stored in Ehe | nput register C?BlﬁpThg%yP‘ ot
out put - conpl erfERktpHaxeE 4% iopes 132931828 0an ifiputstongiemed anultipleutmasntrol input 1323,
conpl emeni s mul ti,pl exer .data.inputs 1331, 1332, 't . .

out put - cofrrq)l erf@dt T imtsPmplgment-giyiig ex?‘nﬁﬂ‘ﬁ’“ﬁégg‘," ahge gt input-complement-
out put - conpl emmitipEbt ddtd SHRF 1934 RidbiveSd g%ﬁ}? I iste;

out put - conpl er_rentl-)mjl tipl g%?gr “data ilr‘{put&% 3 P{aéclé?%te%&% g%’r%nnﬁl eeselcﬂlﬂ) t
regi ster 381, inputdonipenset-ondtiplespuiatcinpml €322 néoehash theugpa of dat iaveraut3 15332
recei ves the out puttglofthe i nverter 1315. \Wen the control circuit 210
instructs the out pdti®c BHBPEFIARIeRSHt ipwitRlsxen 3330 has first and second output-

complement—mulﬁp}exer data inputs 1331,1332, an output-complement-multiplexer

15  controlinput1333, andan outbut-complement—multiplexer output 1334. The first output-
complement-multiplexer data input 1331 receives data from therinput 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-cbmpIement multiplexer 1320
20 that it is to write the test data 1310, the fourth cénu-ol-circuit output 344 transmits a

. 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 coﬁtrol input 1323 to

select the second input-complement-multiplexer data input 1322 as the active input and

to transfer contents of the second input—complemenf-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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that it is to select the test data for conparison which is stored in the

I nput register 381, 15 the. fifth control-circuit output 345 trag .6?2006
command to the output-conplenment multiplexer control input 1333710 sel ect
the first output-conplenment-nultiplexer data input 1331 as the active

I nput and to transfer contents of the input register 381 to the

out put - conpl enent - nmul ti pl exer output 1334, otherwi se the fifth
control-circuit output 345 transmts conmand to the

out put - conpl enerinsfad topplati¥edl €ARI siohdbitn MBB3uhe RQishe! P8 ARE HELMPur.
out put - conpl enent -nul t1 pl exer data i nput 1332 as the active i1nput and

- -to-transf er - .compdemensmngltiplexeindata inpart 1821 tuthptput-cBinphement-multiplexer output
t o- -t he- out put -légﬁrpl enment-mul ti pl exer- output 1334. During normal
operation, it i'§$"Trrel evant whether first output-conplenent- nultiplexer
data input 1331 or ] epeleqsl] - i e ta HRput IS
transferred to the’ g%’?%&&@%h%ﬁaenngnt - nﬁﬁﬁ@%?rgﬂ;é? %%%eu%xcf%ﬁ%"bmgisggiaﬁe
the 25 represensealibeempatedtic denteadtffenm the'sice awdyPIS- RN BleaRBEitedVAILE B S88L4
data.input 1331 is. transferred to the output-conplenent-nultiplexer output

1334. The excl Wi dmokregaster 38340 has first and second excl usive- OR-gate
i nputs 1341, 1342 cl usi.ve- OR- gaf.e, out 343.. The first
excl usi ve- OR-gat e ?’E‘g%?& '@ztifn%l’é%“é'?&sé’gﬁﬁ? K¢y 2#‘%9 #@So@lrﬁulm‘ﬁ etficend rongyt-

and the secondcoslenihtvBuiaBiaRF data Rihts 10334 gl?gz,rzgjﬁg%efg\gtb%)%%ement-mulsﬁp\;%gea?

out put - conpl enent - nul ti pl exer out put ™ 1334. e exclu
gate 1340 is wwatfol ipubAp3d,candhthedattputemthflementiraliiplexee oatpat 334, 1 &heWiigh

is stored,in th ut put regi ster. 383, and presented to the first _

excl usi ve-dO?- Oélgiug"cf’ﬁ‘ﬁiﬁm Fuliplexendata impyd 83 rgesi sasdataffone theinpus regisser 381,
the input regi . ng.e usi.ve- OR-gat e [ pput
1342.- then'  hog eiessrthdbpus B ARRAAHE o blafer B TH BT GFofififord

expect ed dat aitvesterk®l15usi ve- OR gate 1340 outputs a binary zero to the

excl usive-OR-gate .Qut put 1343 indicating a success. O herw se, the
excl usi ve- OR gate EEPRIEA cowit §39 ynsgrets the qupntesiplenens nOtigkker IAAQUt

dotect i on of rSu i Rttt o e P hBion ity Sire T fiémanliesier S8 or
det ect i oh5ci ribei fifth mpttrsl-dihit output 345 transmits command to the output-complement-
multiplexer control input 1333 to select the first output-complement-multiplexer data
input 1331 as the active input and to transfer contents of the input register 381 to the
_-6ﬁtput—cdmplement—ﬁmlﬁiﬁlexér output 1334, otherwise the ﬁﬁh contfol—circuit "outp ut
345 transmits command fo the output-complement-multiplexer contrdl input 1333 to

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

e b0 transfer contents. c\ﬁ-.t-he:.-imzertef-soutput--=¥3-15vt0mthe-foutput-acomp1ement-'mu1tip'lexer““ P

- output 1334. During normal operation, it is irrelevant whether first oufput-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 i'epresentative embodiment, the first output—comﬁlement—multiplexer data input 1331 is
transferred to the output—cc;mplement-mulﬁplexer output 1334.

The exclusive-OR gafe 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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and ‘a Single error detection circuit output 232. ‘The out put of each

exclusive-OR-gate output 1343 is transferred to its associ at edz%r/"(ﬁf/z 06
detection circuit input 231. The error detection circuit 230 conbi nes Phe

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 diagramof circuitry for RAM self-repair as
described in 20 varihsescingpe-&iegital340ds asdidd compirs tieatasd iwb@fibmvhe Blitdgray

t eachi ngs of tlﬁ i@\ﬁegtion. Ln figure 4, the RAM array 250 is divided into
bit-slices 1151 &xhchis sipned i theonire segisteyr 383 sud orasenigd & thedirst pxpjusive-QRd

edundant sl o8 57000 GEAF A 8 eRhed Jalfe BAOS RO B Sl BERE ST
redundant sl i cgreddfled %o ﬂ@tseU@ﬁﬁexcﬂMﬁVQRrgﬁﬁﬂ?gg%?n?:?ﬁ%% he dﬁﬁcﬁutﬁts?ﬁﬂ-g%%

data flow 25 is routed around the bit-slice g the defec
the redundant ksgiste 3B3onatshes ibatcof the iexpecpddadata thEhexchpiveoDRNgpte 1840 otiyneas,a

whi ch are the f.ive nps 0 n.def.ect nechani sns,. can be corrected using
the techni questBd. &elbos'{?otﬁ?\% ‘.’e'b%'g?? AYPEt hi4d indisgting s sycgessy Qtherwise, the
adj acent bits ayehiive-oR ol v K ' SO Yoo | '
colum (two adjacent %o%&ﬁeﬁg@v[\f %%?ﬁ%t%%ﬁ%dgg%ﬁgg%k% e(%g gs(aﬁ %@%H ‘_919,43
Essenti al | y angdigatihg30fadhte. def ect s occurring in the sanme slice can be

repaired as repair occurs via a renmapping -13 28/ 06/ 2006 of slices. In the
exanpl e of figure 4, the bit-slice 115 corresponding to k-th bit-slice 115

contai ns deig.e(ﬁetﬁlﬂ.ﬁfm&‘qgstié?%@e_cﬁ%r%%&ﬁ?ﬁgﬁ%ﬁﬁi bit-slice 1/0 for all

bit-slices 115 to the right o i'ncluding slice 115 for the
k-th bit-slice 115ThEarbr detéctiohcizenib2 0Pk pELslity WPerrd@epRtiBa ciraﬁﬂﬁh?;ﬁ?é 231
bit-slice I/O path 420 and a alternate bit-slice I/O path 425. Bit-slices
115 to the | efid pfinglcerprdetaciion citast QupetA3di ihetqputaiisech exdusive-OR-gate

their normal .hit-£4 s. 420 f.or .input/output of .th bit-slices
115, The bit-$ 't’éteﬂffgg “é{ésg?‘g%\@nlés‘_ %SE%CI%S‘? 8‘5_& GerePtich firsft "Eﬁ‘ﬁi‘éﬂi Y to
the right of ddiedtiohicircsit 28@cdmBines fhkirdsits bk kx@ALbioE T Bated 1340 fof Bvdi Bit-
pat hs 425 for jnput/output of those bit-slices 115. Thus, all :
_ 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.

e © 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 circnit 130 as previoﬁsly 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  isrouted 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 colummns Wlthm the sa.me'slice), and (5) slice. Essentially any and

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




10  bit-slices 115 to the right of the bit-slice 115 containing the defect
415, as well as the redundant slice 410, are mapped to the I/O @@yéoﬁ
to their inmediate left. 8. Overview of Redundant RAM Circuit ry: gur

i s anot her bl ock diagramof circuitry for RAM self-repair as described 15
in various representative enbodinents consistent with the teachings of the
i nvention. As in figure 4, it is assuned that a defect occurs in the k-th
slice array 118. .I.n such case,  a renap register 515 for the k-th bit-slice
115 i nforms rerr%s@éifector circuit 520 to redirect data for the k-th
bit-slice 115tothe( th bit-sli torage in the (k-1)-th
slice array 118. The® tlrﬁgr?g%mg]eel Jltﬁ%l e VISL 3 Ferrasponding to kel Bitzsligeit ks
sel ector circuidonbids 4 Béfe I h f or
the k-th bit-slice 115 m%?ltsﬁmkh w%"%hfea bﬁg“’il?’?%%ﬁ %%f@f‘ﬁagl#%ﬁa%wes 115
register 515 fdp thewght- QﬂanmlneluﬂmgehéL%slldiﬁ‘ DISFor HSBEh BRIsAES 915, CEE&%& ey
to redirect.data read fr the (k-1)-th slice array 118 to the k-th

bit-slice 15 FOMPIEFSHSY P%Q}F an?ﬁ'éalr@hdwe@@Mhéﬂﬂ and zalternBbitistice UOrpath
t t 2 k-t.h bit- 115 ¢t d
the data for tRe kol ey 1} ol lerdnishite H¥ ofiditing phedpront g vitiae their
Figure 6 is yehommibitelich/Qratkh w&%ﬁv&ﬁtﬁ%ﬁtﬁé@efbﬂr tﬂé’@%\ﬂﬁe!{[ﬁh ﬁﬁp&ge s
ent W

described in various representative enbodi nents consi s

t eachi ngs of t fAtaININgdRe idefect #1udealbbitiboss M&rtb ahisrightrafuhathyt-§licenm 157 @l SU'S
f I | t | ud 1) th t t

583 (3) the’ et ElteRais it T3 bl ek b oatbruinut o Hpso bit 006 115 Thnes, all
out put - conp! ersEntldey 1L s R ﬁi%%’i%%%%%e lgéghéehﬁssédfgﬁnﬁ{glrtﬁg g%%c‘ﬁlg hs LG, oul put

regi ster 383, and (6) the exclusive- gate 1

circuitry usededlmdanfcﬂinalﬂﬂeﬁMemﬂé&\td the IAEIEduiiOrs) tamﬂelﬂﬁitﬁédxate%ﬁe(?t I on,
circuitry necessary for defect repair is as follows: (1) a wite

mul ti pl exer 605, 5 (2) a read nultlplexer 610, (3) the remap register 515,
and (4) an ORgg Rt 605 has first and second
wite-nultipl exgﬁrﬁ%&gﬂ-ﬁ%]}(ﬁ%ﬁ% a wrtﬁ-el?){ﬁ'hl tiplexer control input 608,
‘and a write-nmulti pFeguge 5dusmmiberGiitk didpam Adironitrlyifel RX®RI self-repair as described

15  invarious representative embodiments consistent with the teachings of the invention. As

in figure 4, it is assumed that a defect ocours 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 st('Jrage 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
The remap register 515 for the k-th bit-slice 115 informs remap selector circujt ;

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 51¢
25 -~ for the k-th bit-slice 115 to read the data for the k-th bit-slice 115 from the (k-l)—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 regisﬁer 381, (2) the input-complement multiplexer 1320,
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610 ‘has first and second read-nmultiplexer inputs 611,612, a

read-mul ti pl exer control input 613, and a read-nultipl exer out
remap register 515 has a remap 10 register input 616 and a rena%%ngﬁg?gEn$
out put 617. The OR gate 620 has first and second OR-gate inputs 621, 622
and an OR-gate output 623. As long as no defects 415 occur to the left of
or in bit-slice "k" 115 in figure 6, the wite nultiplexer 605 is enabl ed
so as to wite ogperational data 380 fromthe input register 381 into its

associ ated bi t -@} fiseoutpst-¢smplaghnt mpliiplexenpBaive) thaislidepirenyet18] 32P thd buThe
function of input.-co e | tiplex 1320 was explained in the

di scussi on of Q%J?&tﬁ?gp‘g.agil?@o{ﬁgFﬂ&l‘é%ﬁhﬁﬂtq %ﬂoexer 610 is enabled so as to
read data stored injhh&ditias sPhk B‘@IME id-sl i | . i

regi ster 383 associated IV\llith thgltr&lri’A vaiatfg)rlgcrifuf:éliea Fé%t%?%eﬁé%?%ﬂgdg@m
the OR gate 62@¢telimtirtuiay nassGRy faidefeotrepalt is®2 Jolldws: 1) DVAM MuER]Sser i

Il nputs to the a? atde %,o identified as first OR-gate input 621 and 20
second OR-date )r‘thﬁ&E 15851plekeRo ), fRitheremep repigensildamd (ApaORtgate i i Phat write

OR-gate i t . 1Lndi that def ect s. f d.in f
CR oot Tt "B G 55 AL ol AN B a0’ st
zero at the semahipléder SeiE L5002 b ptCRuADILRR bulplfeo: tﬂe%iqnﬁﬁmgg@ilﬁ

is free of defects 415. The t that no defects 415 were foun

bit- slice .11518ubasHist ard second perdspultiplexecmpdasdsieita eakauitigigiat @mnthds
i however., a defect. 415 occurs in the

by storing a Qjnar 25.zero.in it. |f, .
K th bit. ol cAtifedls, 2d areRd niinlexer glugpud 414, dihgremagiregister 513 haypaefmagt-
that defepd 450k ' K [, i 5kd e. been

det ected duri ngglftﬁreﬂ gi?rﬁoaﬁgs@ é%rﬂigpn#eé’w?eerg?{epgﬁl gﬁ@@%@? }Sg%?iﬁgl#st FeREp
regi ster 515 ORegateduputs 62V,622aid meOR-gdeomphius23stored in it. The OR-gate

out put 623 30 then belcomes a bj nari one which switches the k-th wite
mul ti pl exer 605 t oARrPRE 2% AR deteeis 485 oeyuz totheVeft 08 of indpit-slics ‘kK-UL5-itt Higume 6

register 381 byl - Lh bit-slice 115 0 Thi ctign.is,
however, of no.conseglcﬁ]ueﬁce eggeétlnsyéﬁg%lt% %E? toh‘@n -?H?r%'}cin-a]s%lt"tisqgg%ﬁ‘elmlaﬁt
i gnored si ncegisteri381 kitoym adsocibmd bitistice L8Rk ot iput-ChmPRAfnt HART '

t he fact éhat the read nultiplexer control iﬁlgﬁtﬁusw?g%esnt he rﬁé%%ﬁ:%ha'
“mul tipl eXdr 6lpe PEetemef wpuhcamplempntgaultiphxer 320 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 mput 621 and

20  second OR-gate input 622, are binary zero. The binary zero at the first OR-gate input 62.1
. indicates that no defects were found in any of the bit-slices 115 to the left of the keth 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 detecte.d during the test phase. In a representative application, the remap
N 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

-15-




5 read data fromthe (k-1)-th bit-sli cc 115 into the output register 383
for the k-th bit-slice 115 instead of the (k-1)-th bit-slice 1%%’/@%%9%06
the OR-gate output 623 forthe k-th bit-slice 115 provides the first ~gat e
I nput 621, the OR-gate output 623 for the (k-1)th bit-slice 115 becones a
binary one indicating that the defect 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 bit-slice 115 switches the wite

nul tipl exer 60573fusriram ghe(k+ D)y thinpwiregistti 3 inbShe memoryt of thele thopiesAte DRI This
data 380 fromthe input register 381 of the k-th hit-slice 115_taq _be.
witten into tﬁ@gOWﬁbc’r"ng ?’0? R cquseqyenchagany dafa ip theda th bitrslicg 143 Mak be dgmernedr
to that descri EN - Is | d 115
will be read o%tﬁﬂgéq?%g‘o?}elgﬁhgnﬁ%%egﬁegéfgrgl%lgf%?m%hlﬁga%ﬁ%}%?1% %‘?ttetp%%&lgemf‘%
i nto the - out putultiglgkatcent3Gapaf switthks thy réddahbitipldxeecolfor thekth bieklice 115 to
remappi ng of data for_both read and wite functions is programmed into the

remap regi st er &9 fatafian tha(k- RAlvbirslisy 15 mto the ongmit eepista® 88 foched-thdiinglice

Remarks: In re ) ' L ment s t he apparatus described in the

present patent Hf@‘%@%@é’?ﬁ@?ﬁﬂ?’ﬁ%&ﬁﬁ the on-chip testing of RAM

- circuits on-chip arSi;@éﬁfé'(ﬁ%—%@teouﬁﬁﬁ%ﬁj‘for&l‘?él@ﬂiB]H@l?ceﬁ%gﬁﬁi&é&itﬂcE&? JURY
ren

not require substantial area on the chip and are I nhe y | ocated closer

to the tested iapea6adithehOReghic estppt 62 Gatthe Gk-dth dyt-stice A0S beBymaSa bt idie:
the circuitry .n such test. in the addressing and

cessay. o] rfor .
i nput / out put Iﬁﬁlﬁﬁtﬁ&g '5%" {hﬁé@%ﬂ?ﬁl PrevECE i A Ritzdies 1R pEonedhetsiithe Ged)thibit-
ther re sent:at i | f t ' IRt 4 re t
Datent Gommentes L1, TEROCUE Mr louldif oFRRAOR B3 930 Fhn BE Sk PR SPECES
are di scl osed switthestha write ot ees 608 Forrthe at-1)-e biRAMELCI 156H nfrite B dPratiitil

techni ques such as_laser repair 30 in the renoval of defective parts of the
IC and its refrRcEH:Homhenngut walsma% ohihe k-thhbit-slie: PBY o6be F0d gy Bie ihe

el udi ng- he kb o By R AR Bl TR ol “Get ects in RAM CIroults in the
i nput / out put In a manner similar to that described above, the data stored in the (k-2)th bit-slice
15 115 will be read out by the read multiplexer 610 of the (k-1)-the bit-slice 115 into thé
output register 383 ofthe (k-1)-th bit-slice 115. Thus, all remapping of data for both read
and write fanctions is programmed into the remap registers 515 when the RAM array 250

is tested.

20 9. Concluding Remarks:

document, techniques for the on-chip testing of RAM circuits on-chip are disclosed.
Present 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
BIocks of the RAM, these advantages have been obtainéd.
In other representative embodiments of the apparatus deécn'bed 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  intheremoval of defective parts of the IC and its replacement with a redundant part. The

-16-
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bl ocks "of the RAM these advantages have been obtained. Wile the present

i nvention has been described in detail inrelationto 5 repres%@%q%gy9006
enbodi ments thereof, the described enbodi nents have been presente y way
of exanple and not by way of limtation. It will be understood by those
skilled in the art that various changes nmay be made in the, form and
details of the described enbodinents resulting in equival ent enbodi nents
that remain within the scope of the appended clains. -17 18 Cains 28 June

2006 1. An el ecpresenit pradessisi inetmmsivel shdtresiddiioral pﬁﬂﬁ%gﬁt&? ardRRRIvedr HRY
having a plural |f]%%of rrermr%;ﬁstora ge cells in acircuit erein the

storage cells aPé R SEeHIm ngcesgaTy e, Feppirtdptasts in| ReM @r@&ﬁ,‘isﬂ e inmiteiutyout
a control circ edded in a control and
address bl ock%oI Cl% he o ?@ﬁfgt%%%ng gaglc}f ;'l%eegé)f)ga&q on circuit, wherein

the control circuit Whilechs presntddvefion B& ®eéd Qféscﬁiﬁcﬁuiﬂ defil ’i'ﬁ'efélattiHnO‘{Qh
menory addresses; one jnput/output circuit each associated with each slice

array, wher®in? FIPfés‘-‘éléﬂﬁlfVP gmbodiments thergpf, é@tdssceﬁ)c&emhpdltﬂmtstmue bedrrmesdntédby

d d, s] dexed dd
Yo read dat a Vi eRRREE Bl EPLEY P oBlinihigh. f S S gt Brprs SKilied in
address, and t ﬁl&CWtevehBﬁs dRdripet QR b AAUL 'ﬁ?tﬁ’é?&&ﬁi aﬁc?ﬁe Aé oF tﬁé fcﬂ-%c%éJ‘

that witten into the associated slice array at the I ndexe

address; and apmbedigtentieratinpin ejuivalént embhdémeints thherearairpwittiat ﬂmtsnope of the
circuit coll ec% syl .ts of self-test data conparisons from each

i nput / out put cﬂgﬂg‘f ?iﬁ‘ﬁnnotlfies the control circuit of the results of the
data conpari sons, wherein: when a defect is present in one of the slice
arrays, the input/out put circuit associated with the defective slice array
redirects data intended for storage in the defective slice array to an

adj acent slice array, and wherein: when a defect is present in one of the
slice arrays, the input/output circuit associated with

17




the defective slice array redirects data read fromthe adjacent slice array
of the defective slice array to the output of the defective slice array.

2. The electronic circuit as recited in claiml, wherein the electronic
circuit is enbedded within the RAMcircuit in an integrated circuit. 3.
The electronic circuit as recited in clgaim1, wherein the address sel ection
circuit is enbedded in the control and address block of thg RAMygdd CUI L.

4. The electronic circuit as recited in claim1, wherein the control

circuit iglasingtes and term nates the self-test at presel ected conditions,
wherein the address selection 19 28 June 2006 circuit, infornms the control
circuit when the indexed nenory address equals an initial self-test nenory
address, and whgreRicttoib 6ir@GOioe s3- &6 T rhfIBmCdcb & nlemorP sy avida@ control
circuit when the indexed nenory address equals a final séelf-test nmenory
addr ess. BluratigobpepewsHiraseets i & cieyity whdreis the storagexelts are opganizstlintohen” a
defect is i , lice arrays, the input/output circuit
associategB&F?ﬁygg%Eegﬁ%%é%%g%}ﬁ¥$ice array of the defective slice array
redi rects dat aacontwhdeohitf whersindhagmtiohcitduittis smibxsidediont comtrband addessy t o t he
adj acent §nge §% of tpat subsequent slice array and the input/output
circuit e “¥fi"each previous slice array of the defective slice
array directs gpidirdsniatation cirfiff, whtRipge coitrol BidduifiiRVis Butsaddldsge array to
that previqus sljce array and wherein when a defect is present in one of
the sli ceSEEWIa%{rCWe index thrpegh pemolyi addigpsesiassoci ated with each subsequent
slice array of oddifp Rl i ShiifRsUdidwhif ch St AnbgAtnd camt e

adj acent slice array of that subsequent slice array to the output of that
s ubs equen¢iraiitidinects pachyinmwdutptrharcuit pe whita dapuintocis assriciataisdioe kadyedt ani t h each
previ ous sl,i Lra the defective slice. ray directs. datg read from

t hat previl?lg%i)geﬁs ?I%Oéygé)({rrgsﬁ’ Pge %hcga?ao{’i?IBﬁlﬁe a@?ocf%%{mﬁ%/@’\%yoﬂ S ?:"53 array. 6.
An el ect r memoryciddesd, tind @ coflafe-th€84ta 8dad drohrbhel a¥oaiaRe SEcd @AM Withahstay havi ng
a plurality of q;nnry,stgrage cellé.ln a RAMcircuit, wherein the storage
cells ar ewr% ) e assPretsd sliggiaay pt g insexed memoryaddigss; avdynpr i si ng: a

control  circuidn cribp8EBltidn chiBuit WHeFH thelehEHiidiediiBn EFARALREC Resiregnt ol and

addr ess

self-test data comparisons from each input/output circuit and notifies the control circuit of
the results of the data comparisons, wherein: when a defect is present in one of the slice
arrays, the input/output circuit associated with the defective slice array redirects data
intended for storage in the defective slice array to an adjacent slice array, and wherein:
when a defect is present in one of the slice arrays, the input/output circuit associated with
the defective slice array redirects data read from the adjacent slice array of the defective

slice array to the output of the defective slice array. '

2. The electronic circuit as recited in claim 1, wherein the electronic circuit is

embedded within the RAM circuit in an integrated circuit.

3. The electronic circuit as recited in claim 1, wherein the address selection circuit is

embedded in the control and address block of the RAM circuit.

4, The electronic circuit as recited in claim 1, wherein the control circuit initiates

and terminates the self-test at preselected conditions, wherein the address selection




bl ock of the RAMcircuit; an address selection circuit, wherein the control
circuit directs the address selection circuit to index through nenory
addresses; one input/output circuit each associated with each slice array,
wherein the control circuit directs each input/output circuit to wite
data into its associated slice array afg an indexed nmenory address, to read
data fromthe associated slice array at the indexed nenoryzﬁﬁgggé(% and to
conpare the data read fromthe associated slice array with t witten

i nto the adewdsimbeh thé tagrohtirayt valienttheindade kethory sddryss agal easinitahd an error
detection ci.rcuit, vm%rein the error detection circuit collects rfsults of

sel f-test SH&fest RERpRaddEsS 2rd Bhersadhe fdder pAertion creh dfPISARYCHER i es t he

control  Cicfréi WhéH the thdéeddHiiRorgQ8&resstdaBals & Fihits31£Qst HGoshddrdsgst data
conmpari sons and wherein the address selection circuit conprises: an

address nmul ti pl exer, wherein the address multiplexer has first, second, and

third address- I er. 1 : 2_.ad - t] r t, wherein
t he second” ad rée%%@#u%ﬁ(lﬁlbci"‘gggie%ft%%tc%gé%g%ﬁ}%nﬁde&%}&é%fé%?{ggg at whi ch
t he sel f - pesof theslicsiatrag, €, inpusfvetpei cirduh @ssobiated vathciaels subseduentplliexaray nput i s

configured.to receive nornmal .operati.onal ata addresses, and wherei n when
The. addr coLlR g ERTeufiel SrrEoRE BlaiaRAea PEHPPRE Bonupsacat At t o
initiate bhgy Behd adi®RSht slich S fiBat @lbsbHRNEARE Bt PEIAT B8 SpitbithRcaxat | nput
is transferred to the address-multiplexer output; a register, wherein the

addr ess- nBispiped with cath prgvionsslicp ambceidbe defeative shispnmay dircethdata psegsided er  and

wherein tge sr g%ég%glagﬁﬁe%igﬁs d15d 'éﬁ“ﬁ)efo that W&s%ﬁc?ﬂl\%ﬁﬁlﬁ& Jhgxt%hrﬁﬁﬁén@mr y in

witing and readin el t-test data, a sequencer erein e output of the
regi st er {efedtanpressnei dne of the slicpartaysfth¢ input/sm einoet gssaiedewith edvb sequencer

cequencer ERERUPL AR d S BIecra) CElRIRLER 11 SO ECRBE o ¢ ho
first addgessrsybt thid s@buénd plide; andith the GOFRESRALAUbMR@ME R eahey et put  of

the register is connected to the input of the conparator, wherein the
conpar at ofhe ipRYpytpuicirgpi assaeiated Willeadt RreYPuTIlice aray ofthedefpgiive slice

array directs data read from that previous slice array to the output of that previous slice

array.

6. An clectronic circuit for self-test of a random access memory array having a
plurality of memory storage cells in a RAM circuit, wherein the storage cells are
organized into a plurality of slice arrays, comprising;
a control circuit, wherein the control circuit is embedded in a control and address
block of the RAM circuit; an address selection circuit, wherein the control circuit directs
S e 01rcu1tto1ndexthrough memoryaddresses, S
one input/output circuit each associated with each slice array, wherein the control
circuit directs each input/output circuit to write data into its associated slice array at an
indexed memory address, to read data from the associated slice array at the indexed
memory address, and to compare the data read from the associated slice array with that
written into the associated slice array at the indexed memory address; and
an error detection circuit, wherein the error detection circuit collects results of

self-test data comparisons from each input/output circuit and notifies the control circuit of




conparator first and second outputs are connected to the control circuit,
wherein the first conparator output indicates when the register contains
an initial self-test nenory address, and wherein the second conparator

out put indicates when the register contains a final self-test nenory
address. 7. The electronic circuit as gpecited in claim®6, wherein the
address nultiplexer, the register, the sequencer, and the ﬁp@gg?ﬁ&Qr are
enbedded in a control and address block of the RAMcircuit. 8. e o
el ect r oni checiesudnsiof thzseifeest tatal compatisaising whottdi thcaddrds seleefdnaRug circuit is
enbedded wi thi.n the RAMcircuit in an integrated circuit. The electronic
circuit as°PBEi¥ed in claim6, wherein the address selection circuit is 21
0. The el et 1 e B R e g Yo
circuit i md agddeess-matiplexst imphispadan sdsdreseinfultinlexcr gutppk sdeteadhestcowhdi t i ons,
wherein t |. Lon:. Chrcul I I he .control . cir.cuit when

t he indexgﬁhﬁgﬁggéﬁggﬁfégé&%%ﬁgfgméﬁm%%¥%|g%sgggf¥ﬁpgg?ﬁﬁ%%%fgjg§%ress, and
wher ei n t vdiezdthe sisrdseldess-moltiptxecinbtt, is cofpure td hecive ndbmeil opaaticaul t when
e T R T R e,
pl ural i ty caftrolem@into stigieae SRS thdvAudAvhEidcond dddradhghBipledeBipstior age
cells are organized into a Plurality of slice arrays, conprising: a
control cipestireed Heradilsessmultiphrer ®IPWI rcuit i s enbedded in a control and
address Dbl ock : RAM, Gl Lt : i i it erein
the control ci ?% }SEJP’S‘?/r ect g {%g}etg%ggfe}?z&gfse é??%ogﬁ%%t‘?%ﬁﬁ%gﬁgﬁﬁdr{ ex through
menory adohgesss esd wherein thg adnton bPihe registerts tsed ae hddress shed AMedembrtylineach sl i ce
array, wher.ein er fontrgi cjrcuit directs each input/output <circuit to
wite datgnﬁﬂgﬁp Fding SlE1esi % sl i ce array at an indexed nmenory address, to

read data frofmegtincas sdeteai 86 oL CeT ti fegifteRls dolfectdddenRAnpRBPIE addr ess,

and to conpare the . ) ]
' sequencer, wherein the sequencer outputs an indexed version of the address received at

the input of the sequencer, and wherein the output of the sequencer is connected to the
first address-multiplexer input; and

a comparator, wherein the output of the register is connected to the input of the
comparator, wherein the comparator has first and second comparator outputs, wherein
comparator first and second outputs are connected to the control circuit, wherein the first
comparator output indicates when the register contains an initial self-test memory
address, and wherein the second comparator output indicates when the register contains a

final self-test memory address.
7. The electronic circuit as recited in claim 6, wherein the address multiplexer, the
register, the sequencer, and the comparator are embedded in a control and address block

of the RAM circuit.

8. The electronic circuit as recited in claim 6, wherein the electronic circuit is

embedded within the RAM circuit in an integrated circuit.

9. . The electronic circuit as recited in claim 6, wherein the address selection circuit is




data read fromthe associated slice array with that witten into the

associ ated slice array at the indexed nenory address; and an error
detection circuit, wherein the error detection circuit collects results of
self-test data conparisons fromeach input/output circuit and notifies the
control circuit of the results of thejself-test data conpari sons and
wherein the input/output circuit conprises: a data-in multjp}exepss wherein
the data-in nmultiplexer has first and second data-in- nultiplexer 1nputs
and a dat ambeddedlit ilplcenter] and bqulréss bldekoEihe RAM dircnist dat a-i n-nul ti pl exer
input is configured to receive the self-test data, wherein the second
data-in-nultiplexer input is configured to receive nornal operational

data, and 1eher ghoclewhit dikQitd@taditdlin dMitd, RhEME! the 86RioY SifcueqnmRe from the
control circuit to Performthe self-test, the value of the first

dat a- i n- mand fepnisRies thesplitest af presglesied onditiqns, Whesein sheaddresaslactiph exer out put ,
ot herw se; TSGR I:N- i | i fi transfer
its val uecltr{;)lﬁffa e ZZQ[%%Q%E‘EIJIFZ%%& Heggl%egﬁﬁ‘%{-eﬁu%ﬁoﬁ* g@(@%%%‘%ﬁﬁ%%ﬁl i nput

regi st er, selftesiohemonyaddigsspand whertinehaatdasss pelentiot icipaty arforesttheitonitivl connect ed

to the input .of. t input, register: an i.nverter . wherein the output of the
i nput reg?lé‘fuétrw?egqﬁ%ﬁlﬁg’&efiéﬁm?ogy ?ﬁ%éﬁsﬁﬁmls 6?111?1}‘?81%“?‘?\‘/’@?’?‘8’?3’;3 SS.
i nput - conpl ement rmul ti pl exer, wherein the input-conplenent multiplexer has
first and second | qugjt,-c_orrpl ement -nul tipl exer inputs and an

i nput - conpl-enefP St Hraxder sifttptief  indpmiasceshacawnpUTaydRVInEE | nput
register hlzara@iwwﬁﬁ&ﬁ&ytsfbr&é%%eﬁé iﬁ%tRAmﬁﬁit,CQﬂQ?%jﬁﬁ?e@tq{e Jeh?ln%ger | nput,,

wherein t output of "the inverter is connected to t secon

i nput - conpig intpd plialiyxd slianouays, camgrisingr ei n: when, the control circuit

instructs the | t l epent Jqultiplexer.to wiite test data iinto the
slice array, téngol%'\%/}gr (Eigcgﬂb‘f’ THa G959 rB{ AT i Fnbsdd ’Hta-cr?ﬂ'ir?iaﬂaégir i nput is
t r ansf er riddck of thbRAMIpiduit¢onpl enent - mul ti pl exer out put, otherw se, the
val ue of the second i%ut_-co,rrpl_errent-rrul tiplexer jnput is transferred to

the input-co s HRACHPR B WoREiIRS copfrol gitrug kireets His1a8disrt mul ti pl exer,
wherei n tecAb BikduitGO RS BRI ghHehdrp a8 8Eses: RAS i Dé&tglﬂ%ﬁ'céi‘?gﬁﬂd
out put - conpl enent -nul ti pl exer i nput3 and an out put - conpl enent -

associated with each slice array, wherein the control circuit directs each input/output

circuit to write data into its associated slice array at an indexed memory address, to read

data from the associated slice array at the indexed memory address, and to compare the

data read from the associated slice array with that written into the associated slice array at

the indexed memory address; and

an error detection circuit, wherein the error detection circuit collects results of

self-test data comparisons from each input/output circuit and notifies the control circuit of

 the results of the self-test data comparisons and wherein the input/output circuit

comprises:
a data-in multiplexer, wherein the data-in multiplexer has first and second data-in-
multiplexer inputs and a data-in-multiplexer output, wherein the first data-in-multiplexer

input is configured to receive the self-test data, wherein the second data-in-multiplexer

input is configured to receive normal operational data, and wherein: when the data-in
multiplexer receives command from the control circuit to perform the self-test, the value
of the first data-in-multiplexer input is transferred to the data-in-multiplexer output,

otherwise, the second data-in-multiplexer input is configured to transfer its value to the




mul ti pl exer output, wherein the output of the input register is connected
to the first output-conplenment-nultiplexer input, wherein the output of
the inverter is connected to the second out put-conpl enent-nultipl exer

i nput, and wherein: when the control circuit instructs the

out put - conpl ement nul tipl exer to conpaje test data to data in the slice
array, the value of the first output-conplement-multiplexer,d pRUbodess
transferred to the output-conplenment-multiplexer output, otherw se, the

val ue of tdhe-iseadtdetbmppit achpp RpRRE -whkdih e@Xgut dfpeilathdn-t ransferred to
xer _outpuf;.an output register, wherein the

t he out put - conpl enent - nul ti pl ;

out put r eé‘?“itl“g?xef ae'grese G‘SW%}W? ‘bffﬂt:‘? WeUSFEIRE: array; and an

excl usi ve- OR ga4 BweMBeWRirBiniEn R |o'f'ﬁie§{§pl.% r8s Ofediéd étth@ﬂgutﬁﬁcfwd
exclusive-OR-gate inputs and an excl usive-OR-gate output, wherein the

out put of itvigder; aiyinput-conaigrsens multiplexsn mdiesradn theannuteomplementapeltipkere- OR- gat e
i nput, an | out put - ent -l tiplexer output is connected
Lo the cosnELEalete8 iR OB G RS B Rm bR epeli - o

reci ted i mudtipdéxer duitputyivbereinrthd deputrftite ihgut tdpgst@ris conneded @ahé Hrvt mpasuit 1S

connected to .the excl.usi ve- OR-gat e qut put. 28 June 2006 _ 13, The
el ect r oni EOIB?IP@ﬁ?tfm":\lEglrseﬁ?fi"E% I ﬁ?erﬂ%ﬂ‘,t 0@8 ierier s goneeied ke ¢ circuit
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electronic circuit as recited in claim1l, wherein the address selection
circuit Insireqihibadenet-romplpmeranlfplexeriel wathles sgtaiinte dhe dice aey, Fomvabiler cui t .

15. The e [ | | ' AR ' ' nt r ol
cirout t oy rpupuEbdiimednl 606} E it ikl MORLE SrelnbET [ 7 ons,
wher ei n t meltptideesspesithawisenthe galne of the sécofid inpat-tdneplenertmalltiplexerui t  when

t he i ndexed nenory address equals an initial self-test nenory address, and
wher ei n tW@“&&H?@%@“@g?gﬁﬁ? ﬁ8@?@ﬂF??“?hF@?ﬁ%m¥mﬁ’control circuit when
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ABSTRACT has first and second output-complement-multiplexer inputs and an output-complement-
multiplexer output, wherein the output of the input register is connected to the first
output-complement-multiplexer input, wherein the output of the inverter is connected to
the second output-complement-multiplexer input, and wherein: when the control circuit
instructs the output-complement multiplexer to compare test data to data in the slice
array, the value of the first output-complement-multiplexer input is transferred to the
output-complement-multiplexer output, otherwise, the value of the second output-

complement-multiplexer input is transferred to the output-complement-multiplexer

output;

an output register, wherein the output register receives the contents of the slice

array; and an exclusive-OR gate, wherein the exclusive-OR gate has first and second
exclusive-OR-gate inputs and an exclusive-OR-gate output, wherein the output of the
output register is connected to the first exclusive-OR-gate input, and wherein the output-

complement-multiplexer output is connected to the second exclusive-OR-gate input.

12.  The electronic circuit as recited in claim 11, wherein the input to the error

detection circuit is connected to the exclusive-OR-gate output.




APPARATUS FOR RANDOM ACCESS MEMORY ARRAY SELF- TEST An apparatus for the
on-chip testing random access nenory arrays [250]. In representative
enbodi ments, circuitry is disclosed which provides the ability to test
random access nenory arrays [250] on-chip by neans that do not required
substantial area on the chip. The cirguits [200] disclosed are inherently
| ocated closer to the tested area which reduces propagati %ﬂﬁ%% rrors.
These advant ages have been obtained by Ilocating the circuitry %ﬁ]e
necessary 180 p&hé eletaraitcdircu 3t rdchted Melaaddreshiérsw thdéectionpdifcaisiput bl ocks

of the RAM [ 1 . I 2
' emli)et?dseli withiFn tﬁe RAM circuit in an integrated circuit.

14. The electronic circuit as recited in claim 11, wherein the address selection circuit

is embedded in the control and address block of the RAM circuit.

15.  The electronic circuit as recited in claim 11, wherein the control circuit initiates
and terminates the self-test at preselected conditions, wherein the address selection
circuit, informs the control circuit when the indexed memory address equals an initial
self-test memory address, and wherein the address sclection circuit, informs the control

circuit when the indexed memory address equals a final self-test memory address.






