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.” Th 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 desi gned and produced aBIE{2OFHEINVENTIONMNded 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,
testi ng has becone Bk hieh 7! | onstraints |imt the
area on the integrat e%l Ci E%ﬁé%ngég#iﬁg%%ég 03 usr(éi&%)én%ﬁegs BSHURS ) in

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

access to the ' uncti oni ng areas of the

of the chip a \éﬁ@f@nﬁﬁ%‘fﬁgﬁ’?‘ 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

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.

-~ ~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 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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ci r cui t‘r§/ necessary to access themwould introduce signal delays that could
render the results of such testing questionable. Thus of necesszist/y 67906
testing circuitry is now often included on-chip. On-chip testing a(?so has
its share of difficulties as chip area available for testing 5 is limted,
as 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 prohi bi teireitryAtdessanyrialaccese thend aotildCintrothiderygriab dethyethat folld dathidr fhe

| arge integrated cirguits.  Techniques avail able, as for exanple |aser
fusing, pernit TEHES O fiRkicstine questienable Fhus of nepgssity, samee tegfing gireuity is now

repl acenent vvibﬁa%ﬂgﬂl{&g%ﬂg%fﬁ part. This process is cost effective, since
on average the added cost of ‘the redundant circuitry is less than the cost

associ ated with th@nyitep tbstinsslsivhisied Shatd 6 @M LLHeO ROEhif bfcd Wivhilable T 8est
addition of redundant circuitry is especially valuable for circuits vmmtlﬁ
repeating sStr uitimiged @ﬁn’éﬁ?@ﬁﬁlb%@cﬂ%mdgmhteabnmlaﬁnm@dmed by ypeslengths also

menory. | n such, Gi i4s a |limted.nunber o ef ective |1's can pe 15
repl aced with ngmpgg)u%ea%lﬁtg SUE g}hi‘ %‘%ﬁﬁ%ﬂ@gﬁ t}"ﬁg]ilﬂés S@ﬁ&?@ﬁ%&ﬁ%&ﬁpﬂﬁhe
however, unl es@ststdigocidtédwith deagh INSshEQhrinBRS8d RisPEHHd HBhipdRR] 9n costs can
be prohibitive. Thus since currént on-chip techni ques for testing RAM

function bl ocks typféditipyal, resiyndand circyittysisaoftdnainciuded in dargh éntepiapedacidedte
typically so {. renov fromthe tested . area introduci ng propagation
del ay error s%@?@u?sswgﬁ?%%@s?%“@m?i fhsing, pergit thegemoy OfEIGP g parts
circui ts 1on- clifthe I€And s RHI300EnSHMRYe ddhid . li ive, si
representative enbodi rren%,%{ an el ect roni% Cl %?gﬁ%%%togé%m?%%?&g cnge’r%lﬁ%eom
access nenory op@arerpge thedidded astof thh svdandartt bircuiop dolessthae s cdEr Ayodiasd %vith
plurality of nenpry storage. cells., erein the storage _cells are
or gani zed i nt ea?“gﬁl}éﬁm ° fthglap@gongf?mgy..-rp}éc ajdten ghredupdant gixcuitry is
i ncl udes a CO_&tpre@i'all?!vﬁﬁl‘dbfe’foﬁ&rtﬁﬂﬂrmr?%tﬁ%dﬁ%@nﬁé Fftidtibn pRfdks,| ABHBL RULAUT
"circuit associated Wwth each slice array, and an error d%tectlon circurt.
" The _ 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.




control' circuit directs the address selection circuit to index t hr ough
menory addresses. The control circuit also directs each input/glgt@%/ 006
circuit to wite data into its associated 10 slice array at the index 5
menory address, to read data fromthe associated slice array at the

i ndexed nenory address, and to conpare the data read fromthe associ ated
slice array wth that witten into the associated slice array at the

i ndexed nmenory address. The error detection circuit collects results of
the self-test data conparisons StMB/RATH OFPHE/NWHENIIONI rcuit and notifies
the control circuit of the results of the self-test. 15 Ot her aspects and
advant ages of the present invention will becone apparent from the
foll owi ng detail ed r Lot . j anj tion.wth the. acc anyi ng
drawings, illustr agﬁ% 5‘%‘3’* n&’%’%@aﬁ‘%ﬁ?ﬁ eelf% P%ﬁcﬁcggq%seffﬁtgsﬁ erﬁflﬁ%l.
-3 28/ 06/ 2006 RibEMmBESERIRY ONisdosEHHIRAYINGIndHE REEQRARNRG SRy
provi de visual representations which will be used to nore fully describe
t he i nvent fon HA@oBasonae gelsl vhpraim derestetegt cellh 4rm organizedtintooa pbiraléty & slice

understand it and i inherent. advan es. In.these drawings, like. .
reference nu nea?%agrg. Il"ﬁ% Efr%?‘i%c 8]5?1}1%%@%% hEem oé ﬁgﬁlflg an @ﬁ&fﬁgsq{eqt@namm%@ B8m
of the archit agput/oRitsi cRclRMds6EineH Wil cH SBC Arky %ﬂd%véfdr%écﬁon circuit. The
representative enbodi nents consistent with the teachings of the invention.

Figure 2 is acphivelcinguiglingets diic address eelectom arcus $¢ index ¢hrotiglh medesyridiadséd)
various -10 represent.ativ odi ments. consistent with the teachings of the
vent on. i gF Gomm e o A BRI s P LT Hta 80 8 Sfooeated
as descrifped hoe A0S iNRREE BRI hikSMBAUIERMY fofahs h.?%Ba'a{e&MﬁEE' aﬁ?@ at
teachings of the invention. Figure 4 is a block diagramof circuitry r
RAM sel f - r epatheirdexdégrenoneatidressymdito usmpapthesietatredd frem dhmsooieed slice array
consistent wt he teachings of the invention. 15 Figure 5 i s another
bl ock di agr anﬁpﬁbﬁ%%&e?wo a{ﬁasmtg%qlﬁcg PEPRF theiadeped pepery addrpsg.oF iermsor
represent at i VEteiHORWiRR Lol RSt @R the Uil g&ggﬁn -'@}%ﬁ Lon-
Figure 6 is yet another block diagr ame\o@l? c?srrtgﬁia%?%ﬁ%gr sée#?lﬂrl pai ﬁp%s
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.




descri Bed in various -representative enbodi nents consistent with the
teachings of the invention. -4 28/ 06/ 2006 DETAI LED DESCRI PTI 0'“2@:/6&'?2005
PREFERRED EMBODI MENTS As shown in the draw ngs for purposes of
illustration, the present patent docunent relates to novel apparatus for
the automatic testing of RAMcircuits on-chip. 5 Previous circuitry for
on-chip testing have required substantial area on the integrated circuit -
(1C chip and have been sonmewhat renoved fromthe tested area introducing
propagati on del ay errors. ByBRGIFADESGRIPEIGN OUTHEYDWRAVEREEEY to perform
such test in the addressing and input/output blocks of the RAM these
probl ens have been reduced. Al so, as shown in the drawi ngs for purposes of

illustration, the p i - d t . ates to.novel.ap t us
for the repair of dgg ggﬁo\%gf r ch?é&%e‘(}lglga{ljgepmr% HIGL® ?’%‘}C%rvg@g% uggd
RAM ci rcui ts havaoteyfpilg dedcyibe dednt&tioni 84 @8n bl GSddy thesakill@RA ke artb 6Btter
permt the_renoval of_ defective parts of the integrated circuit chip an

then repl AcenBrlersigndiit and sl dphesent adusntagesiowe these dravwisgp dike asfrénse expesralsy e

as an additio - r .0g S .S involved. By including the circuitry
necessary to ?g%%qucggég%flgglf’neﬁ%%M circuits in the input/output blocks
of the RAM this prmgh&miblaaiaFﬂ?Boﬂﬁ&icﬁﬁectuﬂe%fhm%&%%sgxg%ﬁih%ﬁous

description and in the severa igures of the draw ngs, Iike enents are
identified w TRPTRSREAtIVEfcEThOHEReN I PADSERLat with tRAMaghings oftbe imentidfl Fi gure 1

is a diagram of the.archi.tecture,.of a Mgircuit 105 as descrjbed in .
vari ous ?epr esent aﬁlﬁgg%giﬁm@%@@‘g?ﬁ“%q tﬁ“{‘i’l’é"“ﬂé‘é@ﬁ?%ﬁﬂ VEReaus

| nventi of0 | Nroprésgifativ BB IALRAR: #ith ke tihindl s¥nd fveRdGH L0 herein
as storage cells 110 and nore concisely as cells 110, are indicated by
smal | squares. For Fegige3ds angthershloek idimgrano of theoslectromicotesigedranit! ds ded@tibe&d in

| abel ed in figuroe 1, r25 ,,[A [ enres ntative exarrg'iiq%}EQAM menory, Wi ch is not
that shown in'31Q0r P EenidygcHRoesHpwmiseonstsint 9 EgolBEYaf e iVentioni t s of
data in each word. Figurd'g iDlalbl6éd Bfigram of circuitry for RAM selfirepair as described in

various representative embodiments consistent with the teachings of the invention.

15 Figure 5 is another block diagram of circuitry for RAM self-repair as described
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.




architécture for such an exanple, a slice of cells is created in which each
slice represents one bit of data but it is 416 words. During t i
phase, a slice is created that is 416 bits high by one bit vvidtei%)#iéé%rbOG
slice is then duplicated 50 tines to create the conplete 30 array. This

met hodol ogy creates a very tall and fairly narrow array for this exanple.
-5 .28/ 06/ 2006 By designing the RAM array wherein bits occupying an

i dentical ordinal positional in nearby words are noved to adjacent

hori zontal positi onHEBAUCKD EESCRRATON OF TeIH PREFERRMD EME&%DHQ%I@P@ ai ned.
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. W naw, ver ved on the sane row.

rds ho ,freinterlgg
The aspect ratio of*Y FEOER dPalE HRVEES HEE PHIRGSRE ohdHustafiony the; Aresgat patent
process resul t idBeuhéntaelal¥R iEnSRIRA j 3 &gg)ﬁqgﬁﬂe ' IS -
preferabl e as designs _tﬁat hIz;ve "'ong tgf%g%saﬁlﬂ%cﬁtg vertica ?E%?tvs\é)zlncmp'
cells coul @ pr &wsmneustdveuiRAMok roprohiu testing hivegreptiope sibgtandh] irbe ofi fRe fftegrated

needed. 10 The RAM g¢ircuit 1 of figure 1 includes a RAM array 250, also
referred to hélf%ﬂlhﬁgéc Pr%fﬁgg?ﬁed%?ewgmﬁwhﬁrsﬁw%ﬁ%@}e tesied gresy inttpdusing

The RAM array b eSi v Gl il | 1L.O0S: to, herein as.slice
arrays 118 wh e]kg’g’?%g%‘é’ g ?elsﬁllyi%glgrgé pépglf/) ﬁ%ﬁg tﬂ? ﬁ%#lg%g ééc:egsaégtso@ ctated ual% %ffﬁ Hbfhe
menory st or ageaddgdssingkhd inphisouginoblockof thg RV 1the@asdblehis 1ok Beenld@uced.
includes an 1/0 circpit 130, as well as 15 the associated slice array 118.
A control and addr %%%19“201@ the Awines fog puamsenf illustration therereserd petent
address sg) ectd ' | | rcuist, 21 ntrols.te .
Tt ati o and CoPBEnGEhds (rBvel ReraP ki ihe o 4 et v M Rindibt Terpgious

sel ection of neethods St capagerfEAMscitdlls have tygiagilygscanechidies BebHOLs Hagepdip
addition, figure 1 shows error_detection circuit 230 which has inputs from

the 1/0 ci rcuMthich sermih hetamanel of defeptivn paty of thecigtagasted cimyit shipesd fthemd
during the tegi 1R ' |t 210 2.. Overview of Self Test..
Greu'try: i omitpiBEnER R Aindihl ot HSever Tip BIERHAE Eebmstecr A8 RMitane! as
| descri bed i'n pmicessitgg step is involved. By including the circuitry necessary to repair defects in
15 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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represénfative enbodi nents consistent with the teachings of the invention.
The 25 electronic test circuit 200 is also referred to herein 3% / 6. 2006
el ectronic circuit 200. The electronic test circuit 200 can be Bul IQ (nto
the address and 1/0 circuitry of the RAM circuit 105 and can be programed
to test everycell 110 of the RAM array 250 at wafer test, package test;
power-up, as well as other tinmes. The electronic test circuit 200 includes
the control circuit 210 which controls the flow of the built-in test and
the address 30 sel ecBi afesighinguiht RAQ! deserwheeinabiy @colpdid bs iMEAtida Notdih
and read out of the bit-slices -6 28/ 06/ 2006 115 through the YO circuit 130
of each bit- sl iR9gitiP8l inTiearbyauenis sregnovasipadjasgnt nsizgatah positivns, erbdtier aspés
bit-slice 115 read t ,of. it .S reporte o the err.or.. detection
circuit 230 vvh?gﬁo toggéer%aytc%og%oﬁgﬁé‘t@%ﬁﬁ%@% ‘%ﬁatermﬁ%ﬂte?‘gﬁblﬁliﬁﬂi dopains

Figure 3 is aneidieeeltd DOnthiadiasesf of St efﬁ&i&éﬁ{l{o%v fGlty 53 Giotid ttaﬁlqgiﬁ@%ach

described 5 in various representative enbodi nents consistent w

t eachi ngs of t hevardgelti0dits wide. Wayds ao8, héwhevey,adre dnterlenep onehd saaé rbwe TRt
circuit 200 have been i tﬂ?r connected with other circuits normally present
in RAM ci rcui t 4SPFg5Eratp 0% theneipragr aghy Bay becpmermere squaterly the propessaiesdtingdinta

10 The contr ol , | 10 Nl ) Ul t LS
performed on t ﬂ{e&é ER‘A%%CE r%lgill 5 OI.(Sx Igéés‘{?(%ﬁ 8'1)(%%#“91 8 pé&%{aﬂft’éﬁa@ d%%%?ér %%E bavelnme
210, has firstira®snomihg enitallibetdecn collscohldpreveni the RAM FonRfc S BfhReE:

first, second, third, fourth, and fifth control-circuit outputs
341, 342, 343, 344 gwpeedgngededhoin as a single line, sone of these

i nterconnggtion mayryd R ahi . ihle; wires 1 ere variety of
i ndustry standard oA S so%}em(l)1 ?W%ﬁg{%eel ﬁ%ﬁ%@?&dﬁ@ﬁg&y%@cﬂs% e%iﬁﬁt
can be enpl oyéerdio as @sindohtaddddd raErnay 2R 250N for Mg dBOS L Bhe RIAM Srray 250 i
presel ected patterns in a preselected order into the RAM array 250 and tﬁen

reads them ba&éwdedinte geofigns feferraddo heeiyas slice afrayhbl Srwhurin eatbshigeanay) I $8

110. Different test erformtheir tests in vari ety of ways such

as whet her thténét}%éﬁ%qg\ﬂag%oﬁgat%%(gw ag]%"?mtoﬁfﬂoﬁa@etcﬁf_ésﬁﬁhress space of the RAM

array 250 and the pusdsiowd intfighes1,lehet bitIBed £ inkRIESAPAO Hcuit 130, 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

-6-




The 'test or tests perfornmed however, could be other thana March test.
Regardl ess of the test perforned, it is the control circuit 21 gt /2006
controls the test. As the control circuit 210 interacts with the other

el enents performng the test, various functions and aspects of the control
circuit 210 wll be discussed in connection 25 with those other el enents.
4. Detail of Self Test Crcuitry - Test Address Selection Crcuit: The
address selection circuit 120 conprises a sequencer 355, an address

nul ti pl exer BGHJSahﬁaghmdm&scmimﬂsdf@écﬁﬂiﬂsli@dﬂsaM@M@b?&orﬁg ingdthe
control circuit 210 sends a first conmmand 350 to the sequencer 355 at a ai
28/ 06/ 2006 seqUEHEBrNOHE bHtslicpddf amgdehafreadeutsefgtsneport@bth tiEhereredetetieg
355 al so has s ta i t 357.and a sequencer ., out 358. The
sequencer 355 ?’%}é@g?mﬁfn El%gfep(%@%?%ﬁ?@ltsé’aﬂﬂ?&g?c é‘rggulggg‘?._ wherein the
menory address 360 Fekd®id RIS f f - f.or .t est
and stored_in the _RAﬁﬂw;d%I;ess r%S%?e?%%%.Of%:ﬂ?%?HCté%tgnt%ﬁg%@b%g deS¥ribed”
i ncrement af i onindeTiouswspreatritative ambmdimeits consighant vathithieteadhih g FHlese BEIn. 335,
is referred tof. as .an i ndexed nenor ddress 361.. Increnentation and

decr enent at i on"€Hf 30&'&]’@“9% COIRPAISRISH! the:test gircay 208 dare b inggreonnented with
si npl est bein . [ 110, : L ngl e address space. The
sequencer contgjrt%%(%H%B{thﬂgggnggé%%{es%%ﬁcgﬁ%%&nds fromthe first

control-circuit output 341 of the control circuit 210. One of these

commands is 10 a conmand to increnent. \Wen the increment command is
recei ved, theSsddttallobpelTinst Girpaitant Contrel Ginesity address 360. Anot her of

th ds i . . \Wh t he,d t d i
Fecel ved. Tt he sequarESPRBILibR 1 EIIN e i Rer oF G FeL BET BostOmE e dima
control - ci r cURAMutRYR5®A4Ls shoMASH Hlafire® ﬁﬁ%ﬂ&lol%m@m%ﬁéﬁm:se&dcﬁ analél-

n

received by the address nultipl exer 365 on an address-mul tipl exer co 1S
i nput 366.  TrROEAIGiTEwE inpuis33 638 X.388 36 fimt, second ghird, fadrth, swd fifil camebltdiiciet

address-nul ti xer | 67 8, 369 and an, address-nul ti pl exer
out put 370. T'ﬁkets?l rg?ﬁé‘g?d?%ggtyﬁ‘ﬁ i plvéé shown as a Smg?e line, some of these.

interconnection may, in fact, be multiple wires.

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 reads 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 whether the test sweeps up or down thru
20 the address space ofthe RAM array 250 and the number of times that the test is repeated.

.The test or tests performed, however, conld 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 fitst command 350 to the sequencer 355 at a
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data i hput 367 receives the incremented/ decrenented nenory address 360 from

the sequencer output 358. The second address-multi pl exer data b@gq} ?EﬁOG

receives an initial 20 self-test nenory address 372, wherein the ini

self-test nenory address 372 is the nenory address 360 of the first cel

110 selectefrfor.test.. The thirdaddress-mnmultiplexer-_ data input 369

recei ves RAM nenory storage cell 110 addresses during nornal operation of

the RAM circuit 105. When the second command363 instructs the address

mul ti pl exer 365 ae@u@eer@ontrolheput%ﬁbfthstsemdcee355 MTHd seplh@cer 335l haxpyiuafkr
transfers contents of the

as its active Irﬂ%? gg,z q(gaaﬁress mul ti pl_exer 365
first V\ﬁ.ddl’ eﬁ s- MarIRpitdR Lan e&“?’%?ﬁh?utB‘ﬁﬁbﬁoTﬁwqul@ﬁé%%imﬁ?mﬁntﬁ Cé‘)d@ﬁremﬁzmslt
370.

he secantt o aueRr Ser e Tk oh 1BaRASAE Bnf el By Rifest Rp she

sel ect the seco
the address nukeli pl@xsdctabior tdseasd #6%d eOHeRIUM firdsH ESREONE. The result of the

address-nul ti pl exer 30 data input 368 to the address-nmulti pl exer out put

370. And, %en@@@&m%mmm& 28h061tpa0ehees thatstnerts3is) és midras o
| exer data input 369 as

rrultiplexe‘r 365 to. t the t dress-mul tip
its active inpl {nﬁ ?Cda?%lg’éy ?%Sﬁ% é‘?cr%%“tﬁti%%q%ﬁi%ﬁ%ﬁméﬂ?% CRJt Of¢ in

third addressraﬁmrhlophpé fesHRL@JI Lo PhLBut
370. The address- nulti p?’e%fer %Stpgﬁ%%fS g%%l}rl@ﬁést?%r tlgé%o Bé%xl%fe
address regi stasnglgadiress sfive. %mﬁmo&ﬁﬁﬂmﬂiﬂ&ﬁao&h@s ﬁﬁiﬁl@@bﬁmﬁﬁnd%%ﬁAM

addr ess regi Sttﬁ 25 on_a. first conparator input 376. The conparator 375
al so has a fi g W&Fﬁ?%ﬁ‘t‘%ﬁﬁ@ﬁthwﬁal@Efél@rﬂioe@mféh@ecomdsa%

The conpayat or, e addr ess |ster
to the initi alac%é;lé?gﬁltg g@tﬁ{ cg%jnrr%{ray“ﬁr%gr ess‘s"f?%fn{cﬁwwsf?%é'fe gﬁefs qPSEr 355
‘menory addr essncBetflent§tivaimenely addrsss IFVIOAYASHHLERsS Smntnd9 s 5'333641118{& gy
of the 10 draw ngs. Faor_conparison purposes, both the initial self-test

menory addr es€eesymentn &Vh@m@efdemneyéccfmmesd isrecnived, sittdscgmen@¥ 9585 datrdntrerts

for exanpl e, r conpar ator. 375, obtained fromthe control
circuit 210, glr% o%lﬁ%' e §96(§ her means. Wen the contents of the RAM

address register 30Be ée@oﬁ@@n&wmnaﬁt bliBut A2 afbm €4 Eedof8 bommand 363 which is
.15 received by the address multiplexer 365 on an address-multiplexer conirol input 366.

" The address multiplexer 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
.. memory address 360 of the first cell 110 selected for test.. The third address-multiplexer ..

datai mput 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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menory ‘address 372, the first conparator output 377 is set to indicate that
the contents 15 of the RAM address register 305 is the sane as tZ@e/(w:)’E'O%lG
self-test nenory address 372, i.e., at the beginning of the test. en the
contents of the RAM address register 305 is the same as the final
self-test nenory address 379, the second conparator output 378 is set to

I ndicate that the contents of the RAM address register 305 is the sane as
the final self-test nmenory address 379, i.e., the end of test has been
reached. 20 Theofilpructpiheragiress muliiplexanR9S (@ 6lecttheithied adfresseumitiplezerodiata
the first conp ' Lt 377, en.the first copparator output 377

i ndi cates t hat %{i;ﬂ%%(%%ﬁg g%\?i A eﬁﬁ’a]r“&gjze’?eégggfré?ﬁ%@o?@nﬁﬁgt@ﬁﬁhﬂds

the initial sebkfdie@sinulfiIBiey dﬁ‘ﬂ(ﬂﬁ;ﬁﬁgﬁﬁyozthe%@lﬁs%grgﬁ{tﬁllexef%ﬁt@#§70.2 ]i%eiat% Pss-

informed at first control-circuit input 336. e seco cofrpara

out put 378 i ndisdtidexartoatput BE0 trandferstits cofitehiyao BAR AU R B essireghist 805305 s
t he same a? the 25 f{ nal self-test nenory address 379, the control circuit

210 is so Pnfornmed at®SPEBAGIOr SdnT5s5Ives tewententsmithe RAM adthessgegisicoBOS5 on a
circuit 210 nm ri nce nd nayrepeat thaose
est lisP U618 acalo B 3R TV Sorh Fthop PR RESe RRE OREREE Ryeput 377

test sequences In va

i nportant charatasecoid comparktbLo@pitITB. Thicc6Minhrafor375SotiBales e d

i ndependent of 30 the size of tﬁg RAM It hag3 no knovvloeggesor ef)eélrtlsd%fr‘ltchee

on the size offkdM aldapsssegistgr 305tothe iHal 6€i6tdst mermsy adieess 3172 nad teefifial £3£
conpar at or

menory addres 2 CO IS result reported at the first
out put 377 an es? #grx}qrggﬁérg%ﬁoflpt ﬁ‘t’ﬂ ﬁ%ﬁfﬁsw BreAsdresy 37 s mphiosaren ey fithas

reported i t Hfavﬁﬁgs) n%%m&@&&fau&%&%otﬁéﬁe ﬁlﬂiilgél -ﬁéesE g\gﬁrg F&%e?szﬁ% a.g@g

where to stop testing. As a result, once designe
can be used aywi finahselfitrst mewory dldctisé B9 antldRAd o eskapR) haid (8¥e8Mhto the

Integrated circuit chiﬁqlg. g@g%iﬁ:gh of Self Test Crcuitry - 1(0 circuit:

Again in figuf€BHaPr375y8 Famtthe gpntrelcircatt21@, g wbtaurdobhathsr ezams.

i nt er connect eghhtthe Q5Meht: ST R AR 3 ﬁgﬁl t hh RAM circui.ts 105.

During normal operatlon, operat ona? atﬁgé@&%%ﬁg 5 hﬁf??lgcfsi \i Buﬁﬂpsﬁféte“

regi ster 381 mmorwadiredst3ye, thetfiasttdeenparator 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,

i.e., at the beginning of the test. When the contents of the RAM address register 305 ig
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.

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




slice array 118. Data is retrieved fromthe slice array 118 and witten

i nto output register 383. The I/O circuit 130 conprises conpone

to the bit-slice 115, the input register 381 and the out put reg?g?tdeﬁ)ﬁg@@,s
as well as a data-in nultiplexer 1305, an inverter 15 1315, an

I nput - conpl enrent mul ti pl exer 1320, an out put-conpl enent nul tipl exer 133 O,
and an exclusive-OR gate 1340. All conponents are present in the 1/0
circuit 130 regardless of whether tests are being perfornmed or normal data
operations are It psea@hiceinitialgelf-Tsemebay ARiréi 372 ¥ompatisel raAGRAE dpdtcQut S first
operating node. An input path fromthe input-conplenment multiplexer 132

to the slice arcEpae ayent3d7 eod petlinsd s¢lf-ret mewmt didress 3 E2campaysonli@sul as
t he output register .3 are shown in fiqure 3. wever, in ethe nabod
meats bol h. pat H%Pc’cr%“‘&lagﬁﬁ%‘?%‘? %?PP%%%"%@W %ﬁaﬂ'é% 1 ¥ihgre 10 Stat %Wg%m stop
mul tipl exer 13Q&tR3SALhhitanke 36500 At AnloNcilibl ﬁng i i

1306, 1307, a data- |§n- mul ti pl exer control | n8utl%(§gl,?l3an %ggg@alhgﬂ&%@ﬂlﬂfor.
dat a- i n- nuldt i pdeierent®RApLIlocks30Aifideat fntacsdted airariti dhigiul ti pl exer data i nput
1306 receives a test data 1310, and the 25 second data-in-nultiplexer data
I nput 1307 receives operational data 380. Wen the control circuit 210 ‘
instructs the gapad; ' 130 if is executing the test, the
third control-ci rcu%%%léggtggé%lﬁn?néggcgitbormand to the data-

i n-nul tiplexer contAghini impfiguk398viroiset@tpordeds of ted tedficarii®-200 hhbé Bl

data input 1306 as the active inpyt and to transfer contents of the first
dat a- i n- nul t i pREkEegedwithgther aigpiits ngonally presentiaRaAMeimuits 105. Swinguompni!

1309. Oh i ' - Cl. j t..out 343 -1Q 28/.06/ 2006
tranom tor o Speanidt, GO BER oo ubiilsh a0 b meler ¥ B Ve R oo amecy
the second dalige arfay M8t TIk£R% striSPIdTF IR %sli%@&?altyaﬁ 8ah& waftieh Yo ioﬁ% fé’éilgte% 0

transfer contents of the second data-in-nultipl'exer data I nput
normal operat 383al data 380, to the data- in-multiplexer output 1309. The
ut 1308 is preferablytwo. 5 bits wide to

data-in-nultipl exer,coptrol i ﬁ : A
‘accormodat e the redd itegihall GampHites CPRBORCeAnanEn todhe bit-stes 1% tpinput
from the dat ardghstenpdshianb eheRfutfid tdpilter 588 Shs vAllths a data-in multiplexer 1305, an inverter
15 1315, an input-complement multiplexer 1320, an output-complement multiplexer 1330,
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-




theinverter 1315 receives data fromthe input register 381. The :
I nput - conpl enent nul ti pl exer 1320 has first and second i nput -cog%lr/qﬂ)ep?006
mul ti pl exer data inputs 1321,1322, an input-conplenent-nultipleXxer control

i nput 1323, 10 and an input-conpl enent-nmultiplexer output 1324. The first
I nput - conpl enent mul ti pl exer data input 1321 receives data fromthe input
regi ster 381, and the second input-conplenent-nultiplexer data input 1322
receives the output of the inverter 1315. The out put-conpl enent

mul ti pl exer 133farksmsts hicosinaaddo ﬂﬁ&ﬁ@ix@h&hﬁiﬂeﬁ@ﬂ@k@]@gﬂm 1308 {odefec theddcdng
I nputs 1331, 1332, an out PUt -conpl enent - nul ti pl exer 15 control input 1333,
and an out put - cffpianBliplerar datp et d 367 wp the 4834 inpiitend to transfet parttents of the
i.ves data fromthe i

e T e e bl S8 b R e
e . e O g 0 185 445 e BT o Ao,

I nstructs the input-conplenent nultiplexer
test data 2310pits hedd ouctdmmodate dhe requieed doronttplst 344 transnits a command

to_-the-input conpl ghrrgnt -mul tiplexer: control input--132-3--to select the
first-- input-conpl éRBHPHHIRSIeHPBLeseeiyes data fngmm thedsmainmultiplexerautnet 1348, and
and to transfep G g . | L nput - conpl nt-nmul tipl exer data

i nput 1321 to %hﬁe |npggﬁcso%?lg%%{téﬁ%Elhfa;l)lfpeu;éefg]n%ﬂ%t 1324. \Wen the

control circuit 210ThéiaphtsoniplémentrMilupleseriale BB WirsPmd ¥l ddRhsSlondiadehhat

It istowite the inverse test data, the fourth control-circuit output

344 transnits Bulbiplererdita iopets331a1322, vunpiterveplenrentimyltipleser comteol put T3R8,
1323 to l'ect .t he.second input-c enent - nul_tiplexer data i nput 1322 as
the acti vgdei it %rhdnp‘ﬁ'é;o l‘ﬁ‘g‘?né'rm@gﬁ}%ﬁrt Quippt tlﬁéﬁ)‘s eﬁ%dﬂm Input-complement-

i nput - conpl emeniitiplekts RL xRt 888 PrdcBREL 4 i iste;

I nput - conpl enent -?rluél tipl e@&l out pfjtc 1324&%@%%5“&8?&%? 3§%’earl}ﬁ thns,ecf’l.l%. ,

not test, the inpyteompbamentmentiplexértdatd inperl 322 2€ceivies tRAGAI 2086 hvanai1Ss.
register 381 fromfirst input-

operational data 3 stored in the input.
conpl enent - mul ti pl ex&r CHRFECIHpgRens Tpuliiplexge 133Buhas dipl andnseqandt optmter
out put - complement-multiplexer 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 {o

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

-11-
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1324. [ The output-conpl ement nultiplexer 1330 and the exclusive-OR gate
1340 are 5 used to conpare the data read fromthe slice array %%2 }QObQF
expected value as stored in the input register 381. The out put np

mul ti pl exer 1330 has first and second output- conpl enent-nul tipl exer data

I nputs 1331, 1332, the output-conplenent-multiplexer control input 1333,
and t he out put-conpl enent-nul ti pl exer output 1334. The first 10

out put - conpl enent - mul ti pl exer data input 1331 receirves data fromthe input

register 381, wmdferhopsecond eihPsso SRR OO 1t icdlsRr eS8 I%id AR RR2
receives the output ofthe inverter 1315. \Wen the control circuit 10
instructs the M@m@ﬁmlépbﬁ@r dath it 4221 tcﬁﬂxﬁ@nﬁﬂn&bmpﬂemmtmlaple&ei ottt
test data for (ig?garlson which is stored in the input register 381, 15'the
fifth control - uit output 345 transmts command to the output-conpl enent

mul ti pl exer control 'I'h@WﬁEpu%%éﬁl it llﬁﬁh?lteg%é%bﬁ%g the exc, us1ve—0}ﬁ3%ﬁte &ﬁao axe

out put - conpl ement - nul ti pl'exer dat a e active
transfer cdént emssl tofcompereithpdita regi fRire the?s&le b@ay 18 with the expected value as stored
out put - conpl ene t&; nmul ti pl,exer output 1334, otherwise the fifth
control - ci rcui 2 GeIH regster 38tansni t s corrmand to the
el ect the second

out put - conpl enent - mélﬁ* %:#omggltggﬁgl t 133334(;1@%2 ?tvén 55004 nemtput-

out put - conpl enent -
- -t o- t ransf er -complemtntaibBiphixet A8tal iﬁ}ﬂﬁfst PJSIOI‘SE;@ ugiilo%tlscr?mp%%l}mntl-multlplexer

t o--the-out put - confl enent - mul ti pl exer- outputf 13
operation,. it do8trp} inpue 333, a«tdetﬂemutpthmpﬂem@mm@lupIerfmmﬂput BB4.1 (HHRXA¥st

et | P Skl RS SO ST L L s L L2
e 25 P SS90 U Bt BB S8R L BEL L 18

data-input 1331 is trans tot
1334. The exclimzitecl3®.gate 1340 has first and second excl usi ve- OR-gat e

I nput s 1341, 1342 .gnd an excl usive- OR-gate output 1343. The first
excl usi ve- OR-gat e %Wb‘ﬁ‘t e gapirol cgwit ¢ 26 insgets theomitntiecovygroent megtipteser BBm

T oS 5 0 P AT B it i s,
15 the fifth control-circuit output 345 transmits command to the output-complemeﬁt—
multiplexer control input 1333 to select the first output-complement-multiplexer data

input 1331 as the active input and to transfer contents of the mput reglster 381 to the

) _-output—complement—multlplexer output 1334 otherwise the ﬁﬁh control-circuit output

345 transmits command o the output-complement-multiplexer control 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-compIement-thlplexer output 1334. However, in the

25 representatlve embodlment the first output—complement—multlplexer data input 1331 is
transferred to the output—complement—multlplexer 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 nput

30 1342 receives the output-complemcnt—multlplexer output 1334,
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- 1228/ 06/ 2006 The excl usive-OR gate 1340 is used to conpare the dataread
fromthe slice array 118, which is stored in the output regi St?@/%’/?ﬁ%G
presented to the first exclusive-OR- gate input 1341.with the expected

val ue which is stored in the input register 381 and presented to the
second excl usive-OR-gate input 1342. When the data in the output 5 register
383 matches that of the expected data the exclusive-OR gate 1340 outputs a
binary zero to the exclusive-OR-gate output 1343 indicating a success.

Ot herwi se, the exclﬂ@ievdumgﬁ{gtamisusqdubsompdirbﬁ&rdatm@dfromﬂhesﬁcearra.y

excl usi ve- CRg%g olPui%ﬁut 1343 indicating a failure. 10 6. Detail of Self
Test Gircuitry A5pyugh igfered in e ouinut preister i aad mersented ée thedirstexcdusive £2R-

et oct on oi rohre i it 3P BB FHlld bl Sl i Bani 0" B0 i

1343 is transf presefled @ tHeSsedGROOIcRIsB-ORL B ABLEEI40NWHehGHE HalaRUhe t
The error detection circuit 230 conbines the'results of the exclusive-

gat es 1340°f or regiséer\388i matghessthatcaf the Sxpevted dyto thesextchmivee®RI gate 3340 eugnrts 0!
circuit 210 via_the er{?g% detlectiﬁ circuit outeiBHit 232 to the third
control -cCi rcuilfminpf&ﬁ{o © LS t OHRNE Meddndiciing ¢ ncgesss Gthprvgisg, the
di agram of ci reggjusive-OR! caRAMARSlphis Row; 3% | e GR- %Y |
representative enbodi rrengtas consi s?eﬁ%aﬂ)vmlht txﬁglﬁf&elg%%?]#g@reocﬁlgtgh\é? {)\%@é&l?éﬁ
In figure 4, tihdicRAlg afalage. 250 is divided into bit-slices 115, each of

whi ch includes its associated slice array 118 and 1/0 circuit 130 as
previously stated. The RAM array 250 also conprises a redundant slice 410.
Shoul d t hg) RAY a5¢; ) .t redundant slice 410 is
not used. However,ﬁgﬁ§§95qggtd‘gi?g@tt%ge]g%ﬁ%?%%et%félf’%&g}%alatta flow 25 is routed

around the bit-sli @he#ibr dadtioh biragt 230had @ baelity dDeréiiRtdcHen BRaE inphtcE3 1+ 10
is wused in its place. The follow ng error types, which are the five nost

conmon def ect 204y siRgle A detegtion eireust udpetekB2y shhecputiig of setinexplesi veHQRrgated
herein: (1) sj it jred bit (two adjacent .bits w.thin, the same
“slice). (3) Sélaﬁr}'g{ngl%gl 15 #&fgﬁ%ﬁ{o 41?3 apsgti)cl;%tg& error &utec&lon circurt mputtzgl. € 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.

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 amay 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 columns within 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




col um (fwo adj acent colums within the sanme slice), and (5) slice.
Essentially any and 30 all defects occurring in the sane slice SV PE/2006
repaired as repair occurs via a remapping -13 28/ 06/ 2006 of slices. Tn the
exanple of figure 4, the bit-slice 115 corresponding to k-th bit-sli.ce 115
contains a defect 415 which is corrected by rerouting bit-slice 1/0 for all
bit-slices 115 to the right of and including the bit-slice 115 for the
k-th bit-slice 115, Each bit-slice 5 conprises two I/O paths, a nornmal
bit-slice |/0 pgtHic820 and a alternate bit-slice 1/0 path 425. Bit-slices
115 to the left of the,bit-sljce. 115 containi.ng. the defect 415 utilize
their normal bit-sl fRIC%1 }(Wijtcﬁsﬁlng%E’ tg? gﬁ“ﬁb&? }liﬁj?‘ﬁtﬁsp@ﬁdﬂﬁ&ﬁs]éﬂbbtt=5§ﬂcadel§
115. The bit - sldém@idslbdefe | i RIS 3 | it-slices. 115 to
the right of that bit-sl Igeml%‘lxgm%ﬁ@gg%gﬁgﬁgééﬁ?ggﬁgpgégl tffogﬁill(?ét'ﬁﬁ}cﬁsus
paths 425 for itapha vighitqfianddhcluding ehdbit-sEtd TESfot e k-TinbB-sligd 11508kék bﬁ'_%ifc%s
115 to the right of. the %i/(é-sl I ce 115 containing the defect 415, as well as
the redundant “SHPEECSATS VA pathhsoanakbit-slive UQ mih #2@ aid a dlBmatobitistice /O path

i medi ate | eft : ' f LRAM Gigcuitry: Figure 5 is._another
bl ock di agram i §'c?%ﬁc¥ér % %rmg%#(;s}gﬁ%ﬁtg@%ﬁ%@ P iﬂt?e(ge%eciglﬁ RHiize ithels
represent at i venemidditretiot ¥/Orsulld 4306064 ing k! v et

As in figure 4?1 it Is assunmed that a lgg‘lg@%tbgt?&ﬁ%é%%%%l% kt:l%selﬂl]ggh(éerfg@

118. In such c&¥danymg thedafect €k andeall bitBlicesr115Ho the tiphtaifthalbicdicka 5 wipsds
remap selectorggireuit 520 to di rec data for the k-th bit-slice 115 to
the (k-1)-th bﬁhﬁr éﬁ?@&teﬁgsﬁ‘iﬁ’rﬁ@i’aﬁladéS for tppra/quitput of those bitedicesab sy Thusg all
The remapisel esit-Slices 115 4 thexdbht! -0 A a. Wi el or _circuit
505 for 20 the K-th bit-sl|ce ffgﬂ%éé%\ﬂflil‘%?ﬁ%@%?%\g%‘%%?’%ét - ﬁSB‘fﬂt‘f%ﬂﬁb@e
115 into the (rdudantslickidd8, are nepped tolthe TECIFRABIB OB dhét Bimodigelon, t he k-th

bit-slice 115 inforns remap selector circuit 520 to redirect data read
fromthe (k-1)-th slice array 118 to the k-th bit-slice 115 for transfer

out. The remapg, tNRvieW oftREGHdan? .nstructs a read sel ector
circuit 510 25 for the k-t%&lgllta-ns I ce J%k:%ﬁ#'c')v‘read the data for the k-th

bit-slice 115 fromFiguee flis djothdr bidakaktagram of circuitry for RAM 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-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 regisﬁer 381, (2) the input-complement multiplexer 1320,
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arrdy 118. Figure 6 is yet another block diagramof circuitry for RAM
self-repair as described in various representative enbodi nents '
with the teachings of the invention. Figure 6 shows various ci ??3@?35?%%
previous figures. In particular this 30 circuitry includes (1) the input
regi ster 381, (2) the input-conplenent multiplexer 1320, -14 28/06/ 2006 (3)
t he out put -conpl enent nul ti pl exer 1330, (4) the slice array 118, (5) the
output register 383, and (6) the exclusive-OR gate 1340. . In addition to
the circuitry uShéhe itprbeeraplemen mukiiplawer 1336, (4 theosiiceanthydti® (5) the output
detection, circuyi.tr ce ry for defect repajr is as follows: (1) a wite
nul ti pl exer 60%@%@/?% aﬁa?®a%e ﬁ}fﬁl’fﬁlﬁ@ t&h0. (3) the remap register 515,
and (4) an OR gate G2QddifiBg to¥hbER lmet L XS rrBPR AR Beali 0n§ 59
write-nultiplexer inputs 606, 607, ca ﬁée?e- rrux?ltg?p exg?a%@%ﬁ%qﬁoﬁgé?ggﬁg‘?m
and a writ e- nudeleglie eircuitrymates&d for Bbfecrrepair ik FolRfvax €1) 2 $AR haRipléfstseand
second rea -rruléi pl exer jnputs 611,612, a read-nultiplexer contro i nput”’
613, and a-r ealPIFad Brispiexen6ls (1) tememan registentds, sl ucPReeE 626 Therering
10 register in : -reqgister _autput.6l7. The 620 has
first and secoir?\lg&upgég%age ?ﬁ%uis %ﬁ,%%??gaﬁﬁyeéﬁ‘“&@%em%@%&gég apN&Titgng
‘as no defects shifiipaettottol it 568, in®d white-in1thiitzes bt 609 |l EeS
the wite nultiplexer 605 is enabled so as totﬁjw}%te perdagt ir%lr%gfdd(}giﬂaﬂgéger
from t he i nput610-kssi fimseandgacond readrmltiplex e inptrsde Hi, 6125 lai resd-itHtiplbx @Ueth trol
I nput -.conpl enent ltiplexer ,1320.. 15 The function of input-conpl enent
mul ti pl exer 1§%“t39:‘s"5 éﬁ |aaﬁeﬁ%'8“ﬁ%‘i'f’1??ﬁé OHRUE 844 drhegemapirggster 815 hps @, repiap-
read mul tj@l exesisBifphss 19l 28m s )8 a8s0ci gt e
RAM bit-slice 115 into the out pu?pf%g&ltésr? 3&3%12@]?:@%(@% g%tggzg\nﬂ?srﬁi‘tsh"&’tadsﬁﬁﬁﬂﬁ‘
bit- slice 115R-ghterinpite 621,6p2 tndin ORegAF@pu62320, identified as ORgate
output 623, is a binary zerq,_ both inputs to the OR gate 620, identified
as first OR gate iAPUPLS8d neAefecls 443 eenva tatedeft of onmibit-sliee, “k3rld Shinfimuye & 0.
The binary zegp @lisd ' o Laput. 621 indicat t no defects
were found in f ‘t%ﬁe ﬂt{ﬂl&s% r%%ff%%%@e @ ﬁggsl gfwteoqpef%paﬁ%tt%s@ 9'9111_81.‘3 mput
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 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
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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 t @/2006
defects 415 were found in the k-th bit- slice 115 during the test p ase
recorded in the remap register 515 by storing a binary 25 zero init. 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
represent ati ve @i fremthedkt1 - thénpw megster 38jiintodhe Heforhafithedot it-kBvel 5. This
bi nary one val ue.stored in The OR—gate out pyt 623 30 then becones a

bi nary one whi GRO&WS % Hgn?(c?nr?e%‘ BAAAY R 1 k- that-g. EGM?WIP%%DQLI@CI
28/ 06/ 2006 val ug,cE5oamd, (tghln)e il defh‘&%l COIrShGE nﬁ?&ﬁér[?:%?s Il SRS %15 %49

the k-th bit-slice 115. Thi action Is, ovve er, no conSequence
data in the k- hhllprEerrlcbﬁ&o]ilﬁhﬁutvwh’tchbséthbQéualhﬁdlnp&!x@ﬁel0 for tie IKAOMIRsTiOe DRX Qo
the defect 415. nore i nportance is the fact that the read nmultiplexer

control ingut Wtdéﬁé@ortlﬁ@@{eﬁdhﬂ?ﬂfﬁh%u&ﬁm@@@WIQMCWBWOIJ&EJ%MMBSE&E)

to 5 read data K- t cc 115 into the output register
Loa T o ha kS BB s dnifpildig yisrC 1l (k-1)-th bit-slice 115.
" Since the OR gate 08imuthe@PS chticulift b2 RorBidk- Jdr.t
OR-gate input 621, the gR—gate oﬁﬁgut 65?%%?“%%911&%%%%{%%@%&% %%Ee
beconmes a bi namputoﬁibl thenORegate nytpth623 fdrethel €f-@th bildiceddSrbeesnesa dinary one
bit-slice 115, I’.IOI’ t Tglat gj %}5‘3 (k- lét;h bit 10 slice 115. This val ue for
Che out put of iPfissre Gat Begsfror 315 eorameinp bir-siee 105 poer tothat ofihe Gerdihiie
wite mulig pl 5 ) . "

oper at i onal ggteglggo Vémﬁ?ﬁ%t?ﬁ@ég’?gerhs%féﬁiot e%-(%ﬁ)%ﬁh@fslf%élﬁﬁ
to be witten si:vﬁlbhestthemmmﬂtwlébfertﬁbsf&ﬂﬁh&ﬂc—lﬁﬂ%ﬁ-sﬁéei 18 td Hiite tHE b

simlar to that described above, the data stored in the (k-2)th bit-slice
15 115 wi || b&2{aeiRD fom By ivpwt regmrr rAdilt ofthe keth bitolietr 11t bk wrjttarhimto the

bit-slice 115 L r r 383 ofthe(k-1)-thbit-slice 115.
Thus, all rengipg#%%g@ea@tﬁg%g’%{%g?aagead and wite functions is
programed into thénseaBfershgl&ite ittt ShorivibibovBanédivh ftbfedlin #RQk-2)th bit-slice

‘15 115 will be read out by the read multiplexer 610 of the (k-1)-the bit-slice 115 into the

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

s tested.

20 9. Concludmg Remarks:

_______Inrepresentative embodiments of the apparatus descnbed in the present patent . “

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 obtained.

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
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is tested. 20 9. Concluding Remarks: In representative enbodi nents of the
appar atus described in the present patent, docunent, techni-queszg‘ 65’5%06
on-chip testing of RAMcircuits on-chip are disclosed. Present technlques
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 -performsuch test
in the addressing and input/output blocks of the RAM these advantages
have been obt ai pregent iproceshizr inexgrmeive nind triovaddititiag prieeisin® ktep BrexRBAMS By
described in the present , patent docunment, techniques for the soft repair
of defective RARFUAIEINE SIGPEY APecsraY & repaprdstastn intRANhEisaets 1 dhe f oyt

RAM circuits d i |.aser.repair 30 in the renoval

of defective pgqlggso#ﬁﬁe nggéég%.ﬁ@ﬁ%g?%&ee%ﬂpbﬁuf “a redundant part. The
-16 28/ 06/ 2006 preseWhilprihe esresdns inhetRANELY Bed HehQitRddid idendl iR’ RESSS 1
steps are involved. By including the circuitry necessary to repair defects

in RAM ci r cli t Jepresqubasive apbediseniatherepf, Sisidssaibed bmbRiinentsteye bach s aed by

have been obt ai . ile the esent .i.nvention h been described in .
detail in rel at"%g’gc’fte\é\gn?ﬁr"’ggﬁ?g Y"&Yi"ﬂémétﬁﬁ%i ﬁé‘ﬂﬁzet"ﬁ‘gﬁé@ﬂai’tyﬁgoﬁe%ﬂﬁ%w
enbodi nent s havie BeekatPragsentRsh .
limtation. It will be underst pggyﬁﬂﬁeogiwgﬁ?ﬁgégjﬁ%?%ﬂg%to t %tﬁe\&}%rrl?%dus
changes may becihgdmentsiragultingimequincalets emibbdingdnts thet wbemin withih thensoopk OB tHes
resulting in ﬁ%’m V%«ﬁglt' enbodi nents that remain within the scope of the
appended cl ai pen &M i ns 28 June 2006 1. An electronic circuit for
self-test of a random access nenory array having a
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plurality of nmenory storage cells in a circuit, wherein the storage cells
are organized into a plurality of slice arrays, conprising: a contro
circuit, wherein the control circuit is enbedded in a control and address
bl ock of the RAMcircuit; an address selection circuit, wherein the control
circuit directs the address selectiomgcircuit to index through nenory
addresses; one input/output circuit each associated with eaghpslbgg array,
wherein the control circuit directs each input/output circuit to wite
dat a i nt o Glasimsassoci ated slice array at an indexed nenory address, to read
data fromthe associated slice array at the indexed nenory address, and to
conpare the data read fromthe associated slice array with that witten
into the associatebdusit 6RoA! foR¥elRlestdTa rid¥dAXR IR Yy A4 89T 22Nd an error
detection circuit, wherein the error detection circuit collects results of
sel f - t est PHEIHY ebmpaeysHrazerelpinanrireuitpharein theptarags qellsipte onganizedinte i es t he
control citgul S -af .the data conparisons, wherein: when a

def ect isbgﬁggg%?fﬂ%ggﬁéﬁ%yk%ﬂgﬁg%ice arrays, the input/output circuit
associ at ed wi t dcoritw!] diefuitc whereinghe cantat ciavpitrieeihbadedindatontrol adeddesk f or

storage ip, the.de ive.slice array to an adjacent slice array, and
wher ei n: B&ﬁgﬂf%ﬂhgﬁgéFmPg present in one of the slice arrays, the

i nput / out put  cad sididss &8&tich alr@dt, WihtRin thb Cordiel SedvitBrestsitltaddrdsay redirects
data read fromthe adjacent slice array of the defective slice array to
t he outpufdﬁﬁmﬁﬁ%mH@Pé%FF&@D%$1@@m@WWééﬁﬁﬁﬁ The electronic circuit as

recited in cl a@)ﬂ@iﬂput/‘ﬂﬁ%ﬁ?&iﬂ:uitQﬁchea{lfi?é%tiz{t%ﬂ;vﬁrlhgdcﬁgﬂéetar}a whaRgdned i hi n the

RAM circuit in anintegrated circuit. e electronic circuit as recited
in clai mdgirewiidineets nachhinpuy/duipessrosilte sriteodatcintocits assdcitedstibe dagdatian t he

control a dress m% k of %p ﬁﬁM ircuit.(f . The el ectronig circuit as
recited i %ﬁ% i O,ryg (g‘rgsesi b eCE‘(t,ao ?nglfe EFIE Slﬁcﬁf’?‘i‘ya‘ftglge m ??‘c?gt er mi nat es
the sel f - membryaiddpss ard acioatparaheldith 858 fronhiBe @isteibRe sskirRgwigahact i on 19
28 June 2006 circuit, inforns the %ontrol circuit when the indexed nenory
addr ess e\lﬁ]g int the agspeiafed 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 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




self-test nenory address, and wherein the address selection circuit,
infornms the control ~circuit when the indexed nenory address equals a final
self-test nenory address. 5. The electronic circuit as recited in claim1l,
wherein when a defect is present in one of the slice arrays, the

i nput/output circuit associated with each subsequent slice array of the
defective slice array redirects data intended for storage i fhaboos
subsequent slice array to the adjacent slice array of that subsequent
slice arr aycdfihfoimes the parttdod cikquitt witinthe intlex cd Sfeair @ hdidiessictjiml eacihitial evi ous

slice array.of the defective slice arr directs data. intended for storage
in that pﬁé\fﬁeéh@e@PﬁY@éﬁg?ﬁ%&gd vEeTeRApe ﬁ%‘%ﬁ? gelectiop icggnamfawﬁﬂacwﬁr@fe; n when
a defect cirduiPWRSERS indBxANBeRbrylaB8res dqfifls AHLAKSH-téR TrchidPPiddpask put circuit
associated wth each subsequent slice array of the defective slice array

redirects data read fromthe adjacent slice array of that subsequent slice

array o the ohpUbdhid ki sRIGEIENaA! Ghe@lT leriNflied RSpLAUL! oUt pUL
circuit associated wth each previous slite array of e défective slice
array dir est of thaslcenaays, thednputhatpupeisuit @ssociatel eathamchyubsayueiessliotitrpat  of

that previpus slice .array. 6. An electronic circuit for self-test of a
random ac8g§'§ drlsro sl a1 rﬁ&’@‘fcﬁgdag’ mf?Pﬁffdgfle ftorage %P@seg’t‘%‘rt & cells in a
RAM cCi r cUhbiray $0hB¢ &jdtehiigics hvdyaeahs Shbssqineslice bganiede inphBodpilcitdt i ty of

slice arrays, conmprising: a control circuit, wherein the control circuit is
enbedded PHOHEBMIPSRChEViumlies srapighxdefectivh aliamayidireess data gtendedir ess
selectionfi{g'-h\é{ﬁre' ngr I £t di ress

sel ection d(%isroc ﬁln% 0 ,nﬁggs %lﬁrggﬁg)h{oﬁgh ?éﬁﬁéﬁ%%gﬁhgﬁgkgﬁlpﬁ#oaﬁt put
circuit eddbctaspesnhinaews the sbacdhrayk,ilbeingut’@yput wheredissodidtel wisheachl circuit

directs eagh input./output. circuit to wite data .into.its assqciated slice
array at equiBiediiin F ddtive e dpny Bedifd et g B adEEM at ed ol i ce
array at gie airbgexhst subRaué sedin@s $o thaddiphfofaRARabRqidesidRGAay ead from the
associ at eglésl ice array with that ., witten into the associated slice array

at the i ntetEHYARAYSCEGasagated 3l cavh RFYieys dise agty othe fefeciive slisther ei n t he
error det i i I I - i sons from
onch | npulT R o dEG b (8 UEEhROEPlch Bl 103 bish Bt AR ERTRE

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




28 June 2006 the results of the self-test data conparisons and wherein the
address selection circuit conprises: an address nultiplexer, wherein the
address nul tiplexer has first, second, and third address-nultiplexer

i nputs and an address-nul tipl exer output, wherein the second

address-nul ti pl exer input receives thggrenory address at which the
self-test is initiated, wherein the third address-nulti pl eﬁ%f%a% IS
configured to receive nornmal operational data addresses, an erel n when
t he addr eske mxultsioptiexelf-t¢sedsth vatpLRomamnd wWhets theaddre@ntletfonCdifeGidi t to
initiate the self-test, the value of the second address-nultipl exer input
is transt8PRB¥Sto the address-nultiplexer output; a register, wherein the
address- mul ti phex&ired Wudiledes, WIRRIR BlcSd e fliRipleRBUas Blst !sB&nd! £ st er and
wherein the content of the register is used to address the RAM menory in
writing aftirdaddeisngulini¢xer bputsgad an addresequiditpleter owlput shereintthe ggoplit of t he
register i r t. j f e rein t.he.sequencer
output o asEaAREbE S Dl P ok a8 PSR e LPRES I Tnliar “The
sequencer whareth thi érigl addtdee moitiphaxer mputtih eordgqtedne esceivs noiub epdrattbnib 't he

first address-nultiplexer input; and a co rator, wherein the output of
the'r eqr s iR st ARG BtreigTharand igees RTRRGS! Boiyeh Grgrand g Ben t he
conpar at otor$ cikduitsth ififiste #RGOAGesE ARPANA SHTthOsteoMl AdrddbLBfuiplexef RPREAS at or

first and second outputs are connected to the control circuit, wherein the
first cofpifatcdto Bistaddtess-myltiplaxesowpiin t he register contains an initial

sel f-test menoy .. e I ey ﬁﬁﬁ 0 f

i ndi cat es when teﬁg?e?’g‘giﬁeg‘?ﬂelrt cordl%@gsleglghgﬂéng%a gg -Fgﬁoﬁﬁpﬁﬁgﬁr ess. 7.
The el ect regsier and wherein the condanit pEAe irepistérds nsed to whizessithe R Ak aedogds

mul tiplexer... the, regis he sequencer, and the conparator are enbedded
in a cont ngln%ﬁﬁlrg?fﬁg%ﬁegE{?Ftd%%’ of the RAMcircuit. 8. The electronic
circuit as recdeqfercr, Whateif the oUEl GTithe feBRtcelsROhARMI0 Blefifplitbf ive  enbedded

within the RAMcircuit in an integrated circuit. )
' 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




The electronic circuit as recited in claim®6, wherein the address sel ection
circuit is 21 enbedded in the control and address bl ock of the RAM
circuit. 28 June 2006 10. The electronic circuit as recited in claim®6,
wherein the control circuit initiates and termnates the self-test at
presel ected conditions, wherein the adgress selection circuit, infornms the
control circuit when the indexed nmenory address equals an iz fi@boos

sel f-test nenory address, and wherein the address selection circult,

i nforns t lkembeddetimihe contral und address bidek of ek direanr y addr ess equal s a fi nal
self-test nenory address. 11. An electronic circuit for self-test of a
random access nenory array having a plurality of nenory storage cells in a

RAM ci rcuily, wWrae elefirdotecifhR b 8Rit6Rinl iRl wheteBAHE 6ol BifQitanidhis al i ty of
slice arrays, c r|5|g&: a control circuit, wherein the control circuit is

o L 3 .
enbedded PR ErRBAEE Bl saldeshafqrasiscien pendition, WhsciRAM addrsusdsctiom addr ess
sel ect L ON febdiC Hif&mnsvmc?édgﬂ:rﬁl éiﬁb%it I’lrtl%l in&é){eﬁg{ ol L&fdss e{i\ﬂfs HUgHaP S
selection circulrt to 1 ndex through nenory addresses: onée i nput/output
circuit eadhtestmeneiyatdassypndwhacin thd addecsasalayion vheariginforriseheomitiobl  ci rcui t
directs each.inputf/output. circuit to w.it ata into its associated slice
array at 5lﬁcqlgnvglg etée Wg%ﬁflfleéﬁoﬁ a ?sstegu?lﬁﬁﬁngcfg 255 PETOE $ociated slice
array at the indexed nenory address, and to conpare the data read fromthe
associateg slice array with that witten into the associated slice array at
the i ndexé&h F&%@H? glsait fgpselipstof p sandgmraseqss BIRIOTY ETAYthavigedr ei n t he

error det ﬁﬁffajli%ﬁh&g&ljtytsto?@elcgﬁst  afeAM éil%uf?,fs wl'tle,ﬁ&h ftHets?O?L%ed(%hQal‘ép par i sons

fromeach input/outpuf circuit and notifie e control circuit of the
resul ts ofrgemiecdsigiofa plartityddisicecasraya comprisingnd wher ei n t he i nput/ out put

O oML S O B i 5 00 15 Rl | 1
out put, whlecledfithé RAM tiraiit; dat a- i n- mul ti pl exer
an address selection circuit, wherein the control circuit directs the address

selection circuit to index through memory addresses: 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 addresé; 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




input is configured to receive the self-test data, wherein the second
data-in-nultiplexer input is configured to receive nornal operational

data, and wherein: when the data-in nultiplexer receives conmand fromthe
control circuit to performthe self-test, the value of the first
data-in-nultiplexer input is transferrgd to the data-in-nultiplexer output,
ot herwi se, the second data-in-nultiplexer input is confi gur@djuhgzbdf)ansf er
its value to the 22 28 June 2006 data-in-nultiplexer output; an 1 nput

regi ster, dafadneiuitiflbver outppttn diput fegiswda twhelkdin thelobippt €¢RE daadiiput i s connected
to the in?llgj-lﬁ' f the ingut regi ster; an inverter, wherein the output of the
i nput regi eXeg OWBHR cenagetEd o the pHREthe MPYtagistaer t er ;. an

i nput - conpl emegy infidr] PhEiRthe MARI B Thelifiut rdir iCQFRESEPR hdMbhd Jlggxer  has
first and_second input-conplenent-nultiplexer inputs and an

i nput - conpIverehan input-ednmlanay nultinderer, wirtesie the inpve-complomentohultihlsxé¢rnput
register i ol i i - ..compl epent.- nul ti pl exer input,
wher oi n ¢ i SROBAEEGRA it Bt Eh bR e ARTR S e bBlsieR

i nput - conmpludtipderter outptti whexiarthé apptit,of drdnph e¢gisteris wdimbcted tahe first inplit-Ci r cui t
instructs the input '1(:0”12' enment rrul_tiﬁ)l exer Etg wite test da a(t)eéanto t he
slice arr&yPPleRgatmylfplexesanput wvherein the quinyt ok BEHIVaHEE 9‘?ﬂ5‘F‘f‘Fﬁi}f 8r input is
t ransf er r edohdinpiecdniiiéther® MM RER inpullithd WRkRHE Whe iiRMontrBE IRUIM Se, the

val ue of the second input-conplenent-nultiplexer input is transferred to

t he i nput INEWHHS Bdmu-semplepmprrantiplgrqsie wrismiestdateputp tecothiot amesn themaluei pl exer

wherein t - i nl: {

out put - cogn%fjgﬁ}es{rﬁtﬂ{p #ﬁﬁ%i exetrmllmgl%)lh%eg uggrfl]g{Satﬁag%{r%du{Oﬁé%ﬁlgﬁté%grﬁ]?&g%] tipl exer
out put, whmeltiplexct dgpuwdthertvisef the aue obtht secegd sipatr-cimsplenemeantldplete t he fir st
out put-cor;r)BlterTfeInt -frrul tigllexer inggt, V\/neheiln t he output of the inverter is
connect ed 2 PY 1S FRMSILE IR e dPRYsGPmBISHSPEMEHPISHE 4% texer i nput, and wher ei n:
when the cont r@l ofiphCebniplerhdhs bfultlSx ok, Vehepdth MelouGRIPIBMERAEnIIMTiplRkgXxer to
conpare test data to data in the slice array, the value of the first

out put - cobsITEsrend sepand pypPwxeemplemARt-mudtinlpxen 1PBisaad ap utppecomplement-
out put - coppIBIRAL st WIRGX Ble AHRRYE the ?@?%ﬁ%&g is ctogﬁf{c\ée%![tﬁ Zheofflrstt he second

out put - conpl enent -nul t1plexer I'nput | erre
out put - comtiutwemplement-inpltipleaer 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.




out put; an output register, wherein the output register receives the
contents of the slice array; and an excl usive-OR gate, wherein the

excl usive-OR gate has first and second exclusive-OR-gate inputs and an
excl usive- OR-gate output, wherein the output of the output register is
connected to the first exclusive-OR-gafe input, and wherein the output-
conpl ement - mul ti pl exer output is connected to the second exgd HskY4gOR- gate
input. 12. The electronic circuit as recited in claim11, erel n the input
to the errndr The eletticaic dichi dk il:]ecit&} ﬁlQﬂIHiﬁCltlﬁdhélﬁlntthlﬁeleétﬁinitSdn\é&ré R galt e

out put . 8 ne 2006 The el ectronic, circuit as recited in claim 11,
whelroel n tﬁ@%é‘ikéat“f’@mfg Bﬁ@ﬁﬁ“ﬁ’é‘aﬂéﬁﬁ%‘a@éﬂ“ﬁ% hin the RAMcircuit in an
integrated circuit. 14. The electronic circuit as recited in claim11,
wherein the address selection circuit 1is enbedded in the control and
address blidck d&he elpetrarmmvirsiit @sifecitedB clapnd 1ewhereindg addegss eelédtionsirewci t ed in
claim i1, ls"g}ﬁieﬂhé& fa'{'l?ec% b D o ?Me&s%& \%&ééﬁ&& 01rcu gpd term nates the
self-test at prese ecte condi tions erein dress sel ection

circuit, inforns the control circuit when the |ndexed menory address equal s

an initial_ self-test menory addsess, rei dress .sel ection
circuit, infor Jrq'ée FIRRrOpIS et as ‘Ef"ﬂt?fﬁ‘i“td 3ﬁ ‘f’ﬁeéelfl ‘SPé‘H FRYRIERET ess

equal s a hadi@tminges the 8&IF-1d3E: @Eeée@aaa EsiRlitiond\Beildrif-the ARRARAI0OR RANDOM
ACCESS MEMORY ARRAY SELF- TEST = An apparatus for the on-chip testing random
access nefEl wierayshg poppl circnit whep thedadrxad mpmoshasidersarednals andnitighi try i s

di scl osed pfeGhn g, 'a&ﬁéﬁa »@?éré e ddBrdsES J:tlec'ﬁgﬁ]?l? &%?s SR X{ arrays

[ 250] on-c p by neans t do n require area on the chip.
The ci r cucirsit] @ thaiindoded srethoay eddreds eqmim 4 fjndl@elﬁtaedlneﬂnos)eerddtass the tested




area whi ch reduces propagation delay errors. These advant ages have been
obtained by locating the circuitry [200] necessary to perform%ﬂhgg@od@

t he addressing and input/output blocks of the RAM[105]. FIG

r

- ABSTRACT

APPARATUS FOR RANDOM ACCESS MEMORY ARRAY SELF-TEST

An apparatus for the on-chip testing random access memory arrays [250]. In
representative embodiments, circuitry is disclosed which provides the ability to test

5  random access memory arrays [250] on-chip by means that do not required substantial
area on the chip. The circuits [200] disclosed are inherently located closer to the tested

area which reduces propagation delay errors. These advantages have been obtained by

locating the circuifry [200] necessary to perform such test in the addressing and
input/output blocks of the RAM [105].
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