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METHOD AND APPARATUS FOR MEMORY POWER AND/OR AREA
REDUCTION

CLAIM OF PRIORITY
[001] This patent application makes reference to, claims priority to and claims
benefit from United States Provisional Patent Application Serial No. 61/487,250 filed on
May 17, 2011 and United States Serial No. 13/285,945, filed on October 31, 2011.

[002] The above applications are hereby incorporated herein by reference in their

entirety.
INCORPORATION BY REFERENCE

[003] This patent application also makes reference to:
United States Patent Application Serial No. 13/269,416 filed on Oct 7, 2011; and

United States Patent Application Serial No. 13/285,864 (Attorney Docket No.
24349US03) filed on even date herewith.

[004] Each of the above-referenced applications is hereby incorporated herein by
reference in its entirety.

FIELD OF THE INVENTION
[005] Certain embodiments of the invention relate to memory circuits. More
specifically, certain embodiments of the invention relate to a method and apparatus for

memory power and/or area reduction.



[4] Each of the above-referenced applications is hereby incorporated herein
by reference inits entirety. FIELD OF THE INVENTION [5] Certain

enbodi menve 20f2/158@23i nvention relate to nmenory circuits. pEbrs2epeeisitcal |y,
certain enbodi ments of the invention relate to a nmethod and apparatus for
menory power and/or area reduction. WD 2012/158223PCT/ US2012/ 023977
BACKGROUND OF THE | NVENTI ON [ 006] Conventional nmenory circuits occupy | arge
areas and consumne significant amount of power. Further limtations and

di sadvant ages of conventional and traditional approaches will becone
apparent to one of skill in the art, through conparison of such systens
with sone aspects of thBACKGROUNIYOH ToiE BSVENTIONth in the remai nder of

the pr nt application with reference to the drawings, WO
2012?i§§§]23P ;Ft)){ygggtg@aggggqa?ry Circutts occupy large areas find consume significant

amount of power. Further limitations and disadvantages of conventional and traditional
approaches will become apparent to one of skill in the art, through comparison of such
systems with some aspects of the present invention as set forth in the remainder of the

present application with reference to the drawings.



BRI EF SUMVARY OF THE I NVENTION [7] An apparatus and/or nmethod is provided
for menory power and/or area reduction, substantially as illustrated by
and/ or desorntxedsiza connection with at | east one of thePCirgise@z/02337 set
forth nore conpletely in the clains. [8] These and ot her advant ages,
aspects and novel features of the present invention, as well as details of
an illustrated enbodi nent thereof, will be nore fully understood fromthe
foll owi ng description and drawi ngs. WD 2012/ 158223PCT/ US2012/ 023977 BRI EF
DESCRI PTI ON OF THE DRAWNGS [9] FIG 1A depicts an exenplary device
operable to mtigate the inpact of faulty menory cells. [10] FIG 1B
depicts a portion of aBREKERISIMARY ONEHEMNVENTIONuUgh use of the

prese invention, can achieve satisfactory perfornmance even when utili zing
an ar EéQhof APPHAIUSs aRG{Rf g Trpided T PESRGIDI BONG ofF Al ty

menor l]sS. . | Gt I st vihew of |
Faun ¢ TeORalch o bl BRI Sy dndloh S BTSN drlcasteons ary
faul t -Jreh@figftes BRIt Yorth more completely in the claims.

[008] These and other advantages, aspects and novel features of the present

invention, as well as details of an illustrated embodiment thereof, will be more fully

understood from the following description and drawings.



[13] FIG
illustrat

3B depicts an exenplary nenory instance. [14] FIG 3C
es an exenpl ary mappi ng between a fault register and nenory cells

managed wve 2tweissaalt register. [15] FIG 3D illustrat esTas2ezeapiary
portion of a fault mtigation controller. [16] FIGS. 4A-4E depict an

exenpl ary

systemin which an array of nenory is zoned into two zones for

mtigating the inpact of one or nore faulty cells in the array. [17] FIG
4F depicts an exenplary nmenory array in which the size of each of the

menory ce
faul ty.

lls is related to the sensitivity of a systemto that cell being
[18] FIG 4G depicts an exenplary nenory array in which the supply

vol tage of each of thBRIERMESCRIPFION QOEMd{EDRAWIMNGSensi ti vi ty of a

system.to that cel ing faulty [19] FIG 5A depjcts n exe ry fault
mtigd Qﬁt-)%]n rraf)ﬁ b&ﬁ%@tﬂ%an eﬁgmplw evils RpRliedoAnKigaic e mf@?
conf| ﬁl uIt m tigation mappi ng nodule. [21] FIGS. 6 and 7 show

Si rrul r%s! Fts of an exenplary inplementation of a receiver utilizing

aspect s of theKEresent i nventi_on.

[010]

IB depicts a portion of an exemplary receiver which, through use of the

present invention, can achieve satisfactory performance even when utilizing an array of

memory cells that has more than a correctable number of faulty memory cells.

[011]
[012]
[013]

[014]

cells
[015]

[016]

FIG. 2 depicts a first view of an exemplary fault-tolerant memory.
FIG. 3A depicts a second view of an exemplary fault-tolerant memory.
FIG. 3B depicts an exemplary memory instance.

FIG. 3C illustrates an exemplary mapping between a fault register and memory

managed via the fault register.
FIG. 3D illustrates an exemplary portion of a fault mitigation controller.

FIGS. 4A-4E depict an exemplary system in which an array of memory is

zoned into two zones for mitigating the impact of one or more faulty cells in the array.

[017]

FIG. 4F depicts an exemplary memory array in which the size of each of the

memory cells is related to the sensitivity of a system to that cell being faulty.

[018]

FIG. 4G depicts an exemplary memory array in which the supply voltage of

each of the memory cells is related to the sensitivity of a system to that cell being faulty.

[019] FIG. 5A depicts an exemplary fault mitigation mapping module.

[020] FIG. 5B depicts a system comprising a configurable fault mitigation mapping
module.

[021] FIGS. 6 and 7 show simulation results of an exemplary implementation of a

receiver utilizing aspects of the present invention.



WO 2012/ 158223PCT/ US2012/ 023977 [22] FIG 8 is a block diagram
illustrating datastream dependent control of a nenory fault mtigation
nodul e [W820R138229 is a flowchart illustrating exenpl aPgTAatSeq/0239r77
determning a supply voltage of a fault-tolerant nenory. [24] FIG 10 is a
flowchart illustrating exenplary steps for sizing nenory cells of a
fault-tolerant nmenory. [25] FIG 11 is a flowhart illustrating exenplary
steps for determning a supply voltage of a fault-tolerant nmenory. WO
2012/ 158223PCT/ US2012/ 023977 DETAI LED DESCRI PTI ON OF THE | NVENTI ON [26] As
utilized herein the ternms "circuits” and "circuitry" refer to physical

el ect (622 coRfton&nis a( blexk bdagwar dlusardingnyatast¢mnrdepandémr cntrotwef ea
("code") which may configure the hardware, be executed by the hardware,
and/ ormempet Gulaniieagionsapduled with the hardware. As utilized herein,
"and/or" means any one or nore of the itens in the list joined by "and/or."
For exeppl e, FiGafAdkar flowdhaanilhwmatiap eseniplofy tiees tior eRtahaningt a seippfy (x),
(y), (x, y)}. Simlarly, "x, y, and/or z" nmeans any el enment of the
seven-voltegeaf adanlt-fglgrant momoryz) , (x, y), (x, z), (y, z), (x, y, z)}. As
utilized herein, the term"nodul e" refer to functions than can be

i mpl efféMed i RIGar@ived fowshhittWangratingr sneatsaryostepdiforadaihg madrhory edllsasten or
nore thereof. As utilized herein, the term"exenplary" neans a non-limting
exanplfayltitpleraavieremeny. i | | ustration. As utilized herein, the terms "e.g."
and "for exanple" introduce a |list of one or nore non-limting exanples,

i nst ajogs], orFiG] ustis at flowshart illustrating exemplary steps for determining a supply

voltage of a fault-tolerant memory.



[27] FIG 1A depicts an exenplary device operable to mtigate the inpact of
faulty nmenory cells. Referring to FIG 1A, there is shown circuitry of an
exenpl ar ywel2ertrsga2z3c devi ce 100 whi ch conpri ses an anal egTfuseei/esyd7 ( AFE)
nodul e 102, a central processing unit (CPU 104, a nenory nodule 106, a
digital signal processing nodule (DSP) 108, a user interface nodule 112, a
signal bus 110, a power supply nodule 114, and a power rail 116. Sone
exanpl es of a device 100 include a cable or satellite set-top-box or
gateway, a television, an optical disk player, a digital video recorder,
and a nobile phone. [28] The AFE 102 nmay be operable to transmt and/or
recei ve i nformati onDEITNAILEDHESYRBRITTCK IGF doRINVENTEWNpr ot ocol (s). In an
enbodi rent,_of the invention, the AFE 102 may be o

exenpl . er abl
perfor{ﬁf’-%]nm og- dbnaitilized e RS BFBRat SIEHNLS pad eﬁl&%lrlgyt rrgﬁ%r é%%dﬁlc%d/ or

2012) b S RHSR i oFIRRGY, A Bl WEYBE Bkl sk oL o

instr lﬂﬁéy r_glﬁ'e @he hAAWRE é){&uﬁ‘)dsé}ﬁfﬂe RRIGAR, ARH/ P RERE Wi RNSe stsoEﬁt@ed
devi ce 100. For exanple, the CPU 104 may generate control signals

conf i guith thg hztrdwdmu Ae ulhﬁ@ed hacicdahdorT hegnopey ahée on nodre toif eheAEEniﬁ)ﬂ ;thet he
mem)rﬁ 106, and the DSP 108. [30] The power supply 114 may be operable to
gener aise jomed by mBRE/ 08 p bioy WMI&@;esX andiproyit paranshaihi eleraiiept éhfhﬁyﬁ@m s

‘i&i el SRt i§8 torbage"sMagly; ch Srabag “Sunllls S ¢ RE oL REMR sl pRETE
T 6
The Gy e SEAR. ARG b@ gn%%;(:yf o G2 2B Bt O0 feheifl BRPlerht OM

vol t ag‘ﬁ&)duTéiErelf@IV\t@rfu&Uﬁ@lhsythhﬂl‘baﬁﬁ)e inslemgardriatierdl er sslapate firalvwagesr (i n
t he exenpl ary enbodi mrent shown, the power supply 114 generates Vdd for

di gi t any sionghinatign aﬁdneVAr fugre ﬂmb@@ Ak ugiized hexgin,tthe tm“qmyplamhern@amaje of
V. may be f:ontrol | ed i ependent . f ot her %olti\]g%(i enerated b the,

suppl y BOPINIHNG SXAKPLE. & 6‘%ﬁer’ré’ﬁt1 BHranea. h S\X%Fm ny 4

my ge >t MYet S V The
val ue ?‘s’r gjﬂi%]f pﬂt&irlrle%non? 5t &pphgvol Hé)gg??orﬁﬁrrgtm% onfi uréd mgl drently
and/ ofllhigatioakues of the mJI t| pI e nmenory supply vol tages nmay be confl gur ed
in unison. [31] The nenory 106 may conprise a plurality of nennry cells

whi c (58| e A1 ISR G A8 iarOIS YR AN S5 RS TP F e

conpri se a sulta e an non-vo

rremor ¥n&HEFy &d1sSRAMe ¥ FROM AEBRROM sARMWCirteiAMf am@xéﬂlgmb elREhic

cells of the nenory 106 nmay be powered by the voltage V. recei ved via the
rail He6icel W(hwhﬂmmmhpmsesmnmmﬂwgﬁbnbfsnd taFEneodulod 02ca centralr prooéssittee
menory 108 other than the nenory cells thensel ves may be powered via a

di f f er@iH: ((Jdied 04 mepmw @ﬁ@‘&h)l%Aﬁ Hgdppana) Feeerstng ’éloéﬂlet HeSReh-y2 106

s desu%éf f?l?dle?cee r%vdl\ﬂe lq 2r gsngen%i bus llfb, ) poweg’ stipply module 114, and a power rail

116. Some examples of a device 100 include a cable or satellite set-top-box or gateway, a

television, an optical disk player, a digital video recorder, and a mobile phone.

[028] The AFE 102 may be operable to transmit and/or receive information utilizing
any suitable communication protocol(s). In an exemplary embodiment of the invention,
the AFE 102 may be operable to perform analog-domain processing operations that
enable transmission and/or reception of orthogonal frequency division multiplexed

(OFDM) signals.



WO 2012/ 158223PCT/ US2012/ 023977 [32] The DSP 108 nmay be operable to
performdigital signal processing algorithnms and functions in accordance
wi t h one wo 2nwids2enmuni cat i on standards. For exanpl e, tthe/B3A200B7MRY be
operable to performdigital filtering, constellation mapping, constellation
demappi ng, interleaving, deinterleaving, and error correction. In an

exenpl ary enbodi nent of the invention, the DSP 108 may be operable to
perform di gital -domai n processing functions that enable transm ssion and/ or
reception of orthogonal frequency division multiplexed (OFDM signal s.

[33] The bus 110 may conprise data |ines, address |ines, and/or control

| i nes.[OF®r ex@hpl@PUt hed shgndie bpsrabld toreaxecorpinss@ctions @e.gone dyebatingdat a
busses, and a plurality of control lines such as read enable and wite

enabl 8ysiegndp soatalepadations ehdiereviioyl Oelor ¢aupplehtesRY 04t may geverate? may
[ ' t f .of the devi 10 d i de .out t
of t néoatsbl Sgnabddr FapfiEmpis denet OG-k ditrolbes Prsiay dhprtis 102"
t ouchsgk ﬁfé%og&elmoﬁﬁ&]thé‘ﬁgmro@t her input device, and nay conprise an LCD,
an

speakers, or other output device. [35] In an exenplary receive

ti . the, AFE 102 i RF si |, th i ved
! gnall R t neTBRARORETaoWRN | T gBis bk Parabi dp ascheBfig ane o BiOFs AUPPRe
baseb . , ) _ b . _
o7 sear Rzt gk g BHEH olhe RAREIRNE, of AR, 105 FERALR L e
i nf or Eepdwer EARTRI NER powtheupslsebenehS) gmdratemrdom%@,r VEes SWhighomal e

baseband signal, the DSP 108 may read and wite to the nmenory 106. The
r ecoveugpiiti orf sherpomen natdyl thenllze voliage yealet d 16 hmayder comreliddaéegl 1dafaor

o U e A5 wsh oS B BERB b R
108. P 10 d b i i
N L RN e D E

bas ebaRemplHYambddimeRBEhdWB, IRYpdvead M Genbiat® Vad tBe dIBmp circifd
2012/ 1583%P?7rlnl582012€/ 023977 10)ép. The Jgggg]rlat %de bgseband Si g%% rcra§ bey

conveyad Vg fonenAklge ti2uitdyeot the ARy I102)colivenvhbe 0D Vapamal dg controlled
representation, further processed, and transnmitted onto a physical nmedium
[37] mdspendefepifcothes peltagesn gepctatedeisinpgher povee esupely whi‘h, 1R harRiger use

of the present. invention, .can, achieve satis tor erf ormance,even when
i 11 el pLURSHNSEneE B POSH sBMST P8R R SRR RIS R e
of fa C S. ut iyl i i LY, ar "

cel 1 & RIS RS T ol T BH). oS o r Be sy RO SRR,
addr esltage mayabpagonfipukad ivddpeadently hadaddhessalbiess o2 GRe afuktiple n2gmorkhus,
for exanple, the nenory 200 of FIG 2 nay be referred to as

" ar r aypupplyred gbs may rogordigawpd @ unitorhe mermory 200 utilized 8-bit arrays,
it my be referred to as byte-addressable. Simlarly, if the nenory 200
utili 7681 X- bi Tharmewsry X0beinag @mprideeggiliralioy tof @aaforardedly whichesponst ng

to an X-bit word of nenory, the nenory 200 may be referred to as

wor d- adinged aimtoeone or more rows and one or more columns. The memory may comprise
any suitable type of volatile and/or non-volatile memory such as SRAM, DRAM, ROM,
EEPROM, MRAM, FeRAM, and flash. Memory cells of the memory 106 may be
powered by the voltage V., received via the rail 116. In an exemplary embodiment of
the invention, circuitry of the memory 108 other than the memory cells themselves may

be powered via a different power rail (not shown). An exemplary structure of the

memory 106 is described below with respect to FIGS. 2-3B.



[39] The depicted portion of the receiver 150 conprises a nenory nodul e
152, an equalizer nodul e 154, demapper nodul es 156 and 160, deinterl eaver
nodul e 1580 2demsszBur er nodul e 162. Viterbi decoder nodelce/ukeel2/ob3pre

dei nterl eaver nodul e 166, Reed- Sol onon decoder nodul e 168. The depicted
portion of the receiver 150 may be inplenented by, for exanple, a DSP such
as the DSP 108 of FIG 1A [40] Although the nmenory nodule 152 is depicted
as being utilized by only the deinterl eaver nodul e 158, other nodul es of
the receiver 150 nmay also read and/or wite to the nenory nodul e 152 and,
in doing so, may take advantage of aspects of the present invention to

i mpr oe3per f orhaSP a08/neay bedpeebbo st parfiono i giewesigread psocatingralgdrithms
addition, other podules of the receiver 150 may have their own nmenories
that iy fopchens Hoacqondarccavithtanet premle comunEHeAGHRALY SEoepidss efamenammple,

tili f the i tion. 2012/ 158223PCT/ US2012/ 023977 [.41
oper atforDSE. |88 ongiabei Grapic o s BTSN RAEI gy BBV IFUERHY JHIPHIER { he
AFE 1Q%nstgﬁ€ti&9%éﬂ1§ﬁ5iné(g‘}nﬂ%ﬁ¥aﬂh ,Cei%?nﬁsﬂgaﬁrgn fdl%ilrotioc&‘ijééf he, I gyels
of various frequency cofponents of the signal <151 to genérate the signal

155. ke PeRboddGerTeyf tticnsvait®ns WAPADSPoi08 heapit@naperhble t® @ifups of
one or nore bits of the signal 157. The deinterl eaver 158 nay dei nterl eave

t he grdogipad-dsfmaint prodessing dhgetiins] fatt engblee rteangmisseorsi gmdbr 1\8eeptitie akenory

152 may _be utilized for bufferjng bit he signal (s) 157 and/or 159
duri nd’rg}ﬁ’éo%li#ﬁ?‘@}qné?ﬁ\?lilﬂél.on'lfﬁgh W@ﬁﬁ lgr ansl ate groups of bits of

the signal 159 to groups of bits of the signal 161. The depuncturer 162 nay
i nsert{OB3} s i hhe bukd 18 manicontist alagre hoesatasldrdse lgiegnand/o68ontTolelings, el di

Ot Y e 3o A S
St gnalog ]C%%n?)ﬁ] Ifhe Bésqélglfl %é[l%%& EngRR %{;& Qe %qﬁ%feesigﬂgﬁssw&e&% thd gﬁee ﬁgl €

168 may perform onon decoding on e Si 0 gener
si gnaljp§69. The signal 169 may be output for further processing (e.g., by a
user interface). [42] In an exenplary enbodi nent of the invention, the

recei 150 r LN syst regulri S t efifi.ci y_of at
eact (4o DB SEERTRT TR S FRAGCHIP IR BBRTAE ISl P8R

Pr esenfrolia¥ Hip@Ntonhg RRARF§hé IBVIRCRIN eFof @xhRPRY, 3h€ uleCRIttrfAR | 1Y gndyat e
of at | east 0.0004 for any given colum of the nenory 152 w t hout degrading

t he caoniprisetatomohseeae keyboaidt ynd/or egteslinpurydevicee ahamaOcORpds: Thilhpy be
acconpl i shed even though the nmenory 152 nmay be smaller in area than
converiPedisas andiratber EBBOdVACE. oundr y- st andard cel |'s. The menory 152 nay
be nmade smaller by, for exanple, reducing the nunber of, or conpletely

el i m @8%5hg, hednreda@niplagl teeps campbration.ethend &t 10D uwsaytecedvdiay REIdignal, [ 43]
In an exenpl ary enbodi nent of the invention, the value of V. supplied to

t he miipesps 1B reagyvasesicnnl inglhectnales demaay &0 gerrrgter @ baptiand cegds digdtizepowner

ﬁggﬁ?gpé lbggeb%ildtsqgnaqjaggé %u%‘pSu% e q)ats&?anlziuggﬁerﬂ t%f thfeaﬂgi)yld? VA ecsellgllgl f)l?s the
110. The DSP 108 may process the baseband signal to recover information contained in
the baseband signal. During processing of the baseband signal, the DSP 108 may read
and write to the memory 106. The recovered information may then be conveyed to the

user interface 112 for output to a user of the device.

[036] In an exemplary transmit operation, data to be transmitted may be read from
memory 106 and conveyed to the DSP 108. The DSP 108 may process the data to
generate a baseband signal in accordance with one or more communication standards. In

generating the baseband signal, the DSP 108 may read from and write to the memory
8



WO 2012/ 158223PCT/ US2012/ 023977 152. In this regard, as Vnen, is reduced,
power consunption of the nenory 152 may decrease while the nunber of faulty
menory cewb0reengsi2acr ease. Accordi ngly, during a cali braciras2ab/oeive’ nenory
106, V. may be decreased froma maxi nrumvalue to a | ower val ue which still
results in an acceptable nunber of faulty nmenory cells in the nenory 152
for a given application. [44] FIG 2 depicts a first view of an exenplary
fault-tol erant nenory. Referring to FIG 2, the nenory 200 conprises a
sel ector 205, and a plurality of menory tiles 2021-2028. O her exenpl ary
menories may conprise a different nunber of nenory tiles. Al so shown is an
addr ed9)6buBhe @8neratedrhdsebalat sighalsmaihe emtieged eadhaMREE 102 vlide ianchythd e
select lines 2121-2128. In the exenplary nenory depicted in FIG 2, the
wri t e ceavertelito an enaleg repeeseriationafuthsy processech anddempmited gota p physicak
carrying,.40-bits of data, and the address bus 208 conprises 20 |lines for
carryilg"'4"™0- bi t address. Al though a 20-bit address and 40-bit data is
depicted, the invention is not limted to any particul ar nunber of address
or datl83hi t s. FIG45B depéctsrersriion jof sl @@mplagpecerier soliphi deowgte usy ofthe
arrays of rrermr)(. cells and assg& at ed pefrgigglheral conponent.s.. Each arraﬁy may
resi dPTEINE IBYSGALOR: 6L aphicy R satdiaciopy Periotmance euqb #heg UtiAIng 48 ATFAY| 9 pi e
ones i - ' 02x, where X
YHerh 5@%2@& fids @8%@%% a ctafle GRifHTRL Yadi@r' Eﬁé%g&%%l@

IS an I nteger ween I'nclusive, I's deplcte ‘3A. The

| ect 05 a. th I ,on.the th t signifi t i f
he addrSbs. bUs UUECq OGrTRab NG TGMERSTY f BLIHOSE e gk SRR TBrIpery
( MBBs )ceﬁg cBH@sﬁcﬂﬁ&ﬁf@ﬁ) a}p?rt?c%?ﬁra{ddﬁ)&% (8{gh,t ?gﬁchﬁr%ﬁ}&%n ﬁiegzﬂf’cir SS Iyl 28.
[46] I'n an exenplary wite operatlon, e ress of a nenory location to

whi ch ofgties. i29. tRhke o xtdngsle MY REmbrR00 JITFIChE afgriRstfbusd 208s “andydat a
to be witten to the nenory | ocation may be placed on the wite data bus

210. Tddraskatde "nbst esamgplef ifcthntmemnes 200 utiiecdddriesgapy st A08 beapfaetdetan ne
o o RS SEuFEhy R SERRELED bR St o
2012/ PCT/ U 1 23977 I . i ifi t 1] t
. O L L R e A R R

(LSBs)m&f bé hgeAdd i€ as wordaddrissspiene to which nmenory location in the
selected tile 202x the data on the wite data bus 210 is witten. [47] In

at o 1006 P FE QPRI b i drofe JRETRE" L bR 088 BRI SS Ykt o
the adguesser Rbddf! asdl neiMpel QB8uRE 158 did §66elRaitelléNRS Mmbdhte2128 IS
asserted. The asserted tile select line 212x may result 1n the tile 202x

bei ng deplirctisgd. médelesbBdEntVaenbl dasides imodifle cl@dt blytendsinedridalver adaiuds d66us
208 may determ ne which nmenory |ocation in the selected tile 202x is read

out ortesdthrlomendderadsr pagduda d68. Ik depicted porti ef shearesstvsid SB Baydie an
. faul t-t t Sh i n .k i |
AR TS S b R R S S S T o e PN Sl P

2. The menory tile 202x conprises fault register 304, fault mtigation
nmappi 184@bdul Adthgogh -thoascmorumoduile i1§atis fepieiad ras| batbguitdized by eehoilie
i nst an

141- 3144 | tipl dul es. 31 d 320. A h .
w10 g amulg 1P, fthes et of Bie'teier doB thaabio eI GodbreNrifyr e
map CQPtOhetid#)FhoRA8 152Mdid 83t BPnfaQ hkOhd P4 oBdects of the present
invention to improve performance and/or reduce cost and/or power consumption. In

addition, other modules of the receiver 150 may have their own memories that may or

may not interface to the bus 110 and may comprise and/or utilize aspects of the invention.



[49] The fault register 304 may store the results of one or nore fault
scans of the nmenory instances 3141-3144. Such scans may occur, for exanple,
during stwoteipisef23t he systemin which the nenory 200 r esrTas3010023977

recei ver 150), and/or as part of testing the nenory and/or system during
production. During such scan(s), the nmenory instances 3141-3144 may be
scanned to detect faulty nmenory cells. For each one or nore detected faulty
menory cells, one or nore cells of the fault register 304 may be
configured. In this manner, the fault register 304 may enabl e determ ning
t he nunber and/or location of faulty nmenory cells in the nenory instances
3141- 3044 Thkn dperhation egiraietvedB30ikitahpaband isimabn§1 auay dblrecdiyge fioin the

vol ati|l e and/ or non-volatile nenory such as SRAM DRAM ROM EEPROM fl ash,
eFuse ABRdOdr Bhe egualizsr 1o4runy direeess fthe signst lﬁrbrt@ agljyspthe Jevelgoof various

2012/ 158223PCT/ US201 3977.fl t | d/ th
D LRGN, compaReREas g Sig 3 B féﬁ?%te & senal 1557, e, d3uhine B tony
O T o RERlIMESRREAL SMTROLEGP 53 S ASioR PORTTRRANGE A a?éé?gnmmd

at eaqfhesdélhteﬂéaveﬂ SR nRYh@EinRXRAPE €he ﬁmﬁst@f Ipits 8F &lid sigRal 5N %o FeMerae:
accumul at ed %ﬁTI n flash) over nulti pI e start-ups. Menory cells of the
Yy

faul t th@glgnabﬂS hgempmesy dAPI may éaeamtdu@dfﬁomrhmff@em@ebm 9f the signalfs)t He/
menory instagnces.31 144. Alternatively ddltlona ), menory. cells
of | ondnglorodeding ﬂ@ ‘iﬁ‘%m‘i{f \payingt ahisdemm er311 waraalé AF ehouite] b 5t
functi e r The. f i

et U6 Bl 150 kb POLEAEDS ok ST 1y LA 90 SRR SR

si gnalin@1@e S%Hdl NG 180V¥enlefat® RIfS §1Tghﬁl1 163h Q“ h%OWtéﬁb'l deBsErel 632maeiec6 88 tHeo!
the state of the wite map control signal 308 based on the array of nenory

cel | s sipriahgl & i uttlemng othan¥itelnte (algnrﬁhtrs tof g&ﬂmatbaﬂlet sigmil s1&5. t Adte byte
correzioonds to that array of ring a read qperation, the
cont r éleiigdenver 3 Way TEAHANES th%@ggalal@s on & h@terbwyfﬁaba%ﬁ@ RN the 310

aur o g 4627 TR wg@aﬂ@%l eGP ot ilmsh Wiy AEMRCORRNR s g
espotcr gl HAepd R e TR el Ao Thay BE m;Qf?gifﬁ@%‘%ﬁ?é’EQ% - 3%14. Y ng

a w i tieeopedréddedn, the signal |ines of the bus 3161 may be connected to the
bit lines of the nenory instance 3141, the signal lines of the bus 3162 may

be conpegsted {Pa4 B?erﬁgfar& bR dthehd S tﬁgqﬁcé’nt}d?ﬁttﬁé‘%e%f’QSOtrﬁ%%P&%é i 1 nes

of the bus 3163 may connected to t I nes of the nst ance
3143, aaydteinheeuiigngla speoesl efficicney lodiait BESdo6 iy pee secmdesdrddertn Irhsudhi dn

lines of the nenory instance 3144,. This is illustrated in FIG 3B, which

i s dessrhaskarepi|aspects of the present invention may enable the receiver to tolerate a cell
failure rate of at least 0.0004 for any given column of the memory 152 without degrading
the carrier-to-noise sensitivity threshold by more than 0.025dB. This may be
accomplished even though the memory 152 may be smaller in area than conventional
memories based on foundry-standard cells. The memory 152 may be made smaller by,

for example, reducing the number of, or completely eliminating, redundant columns

and/or redundant rows of memory cells.

[043] In an exemplary embodiment of the invention, the value of V., supplied to
the memory 152 may be configured to achieve a desired balance between power

consumption of the memory 152 and the number of faulty memory cells in the memory

10



[52] The fault mtigati on mapper 3065 determ nes which lines of the wite
data bus 210 connect to which lines of the bus 302. Different values of the
wite mapwoanizidg2233 WO 2012/ 158223PCT/ US2012/ 023977 sipgmalS2@282390T r espond
to different mappi ngs between the lines of the wite data bus 210 and the
lines of the bus 302. [53] The fault mtigation mapper 3061 determ nes
which Iines of the bus 3161 connect to which lines of the bus 3171.
Utimately, if the signal 3161 is selected by the multiplexer 318, the
fault mtigation mapper 3061 determ nes which lines of the bus 3161 connect
to which lines of the read data bus 216. Different values of the read map
cont r di5S2si bnalis 3¢ardoms edpand teduded,f grvent comsppmipigs ofthveerenidry bk nddk61
and the bus 3171 (and thus different mappi ngs between the bus 3161 and the
read digceeapesvinteethe nyngbgr ofhlauttunemary cefds Moy inefnose. dosordinglys flupas avhi ch

lines o 3162 co

.the b to which [|i the b 3172.. U ti tely,
1 "t R lipEion 068 TG DL Myt B At ron it S mas T Filye 1o AV ER! | on
gihan 3185 et o YEHF £ i
DEPP pyafROG A ST MR accePEBIChulBer BE St tneR AT elIs(if o filinbiynes

310 canpeaspanrdvémaphlicheioant mappi ngs between the bus 3162 and the bus 3172
(and thus different mappi ngs between the bus 3162 and the read data bus

216) . The f aufut,: i §igat | hehol i th
bus. 3185FEonnon: Faehisrp AL RN, PPARG iy SURITIRER, Phichy, 'Rendle 27
3163 its H€l.extwd Mymbhe 200l édrﬁ%ﬁmra%é&ctdrmiaaﬂdt a Plitaliay ioP NmEMPPE1i1S063

determ nes which |ines of the us 3163 connect to _Wni ch I'ines of the read
dat a BOR-Z2ARs. DDilesrexemplatyuesnodrigshmnayeeanpege aodiffeoéntsigmbér 8 Gemory

correspond to different ppi hgs tween the bus 63 and the, bus 3173 (and
Chus deY. ef%léﬂtsﬂﬁ%pasr@sa@tﬂgkﬁw ?5@ wéﬂtslctésa gﬁa 23 o 2@ Acead Gt hys %ig,).

[ 56] I it hO pRer r.m j in o S
201 T el go'op 320 3008 RS STALABE, VLR IPRRGS, WGBS o,
i s selqaed Bds YOt el feaB! @¥ebud a6 Efd EuplisdTudi gk R ARRMES 48066 of
determ nes which lines of the bus 3164 connect to which linés of the read
dat a hiag, 208 thaddresebas 238 cenpaktes P lineaforrmapytmma 20tbis addraks. 3Méhough a

corre?ﬁpon_d to di fferent mappings between the bus 3164 and the bus 3174 (and
t hus Orbiéaddtesprapdi Hybitultvie Aepistedp tlie snEatigRds meé linaiker daeny masticulay |

number of address or data bits.

[045] The memory tiles 202,-202¢ may comprise one or more arrays of memory cells
and associated peripheral components. Each array may reside entirely in one of the
memory tiles 202,—202g, or may span multiple ones of the memory tiles 202,—2025. An
exemplary memory tile 202y, where X is an integer between 1 and 8, inclusive, is
depicted in FIG. 3A. The selector 205 may decode the value on the three most significant
lines of the address bus 208 (corresponding to the three most significant bits (MSBs) of

the address) to assert one of the tile select signals 212,-212g.

[046] In an exemplary write operation, the address of a memory location to which
data is to be written may be placed on the address bus 208, and data to be written to the
memory location may be placed on the write data bus 210. The three most-significant
lines of the address bus 208 may determine which one of the tile select lines 212,-2124 s
asserted. The asserted tile select line 212x may result in the tile 202x being selected. The

11



WO 2012/ 158223PCT/ US2012/ 023977 [57] The nenory instances 3141-3144 may
conprise one or nore arrays of nmenory. Each array may reside entirely in
one of thwormemIsy228nst ances 3141- 3144, or nmay span nul t ippirasenes2»f7t he
menory instances 3141-3144. In the exenplary enbodi nent of the invention,
each of the nmenory instances 3141-3144 may conprise MN nmenory cells
arranged into Mrows and N col ums, where each of Mand N is an integer,
and one or both of Mand Nis greater than 1. [58] The nultiplexer 318 may
sel ect which of the busses 3171-3174 gets routed to the bus 319. The

mul tipl exer 318 may be controlled by one or nore |ines of the address bus
(I'1 neseléntandlehst sigaificsipdinds nd the addrbse dais H0B8s(cdbbregpehding to nhé kevanenml ary
enbodi nent _depicted in FIG 3A). [59] The multipl exer 320 may sel ect which
bits deast I&l@"bg@alﬂ batsd&SBso of dbe addichy may detparmang ik whidh mpmeorylpeatreiter

319 be contro d b ne nore |ljnes of.the.address bus (line O,
cor r el RIrAEa LS 208 wlag Pnghe FRIE dal-dR& D sV afEbar went - depi ot ed | n
FIG 3A). [60] In operation, at start-up and/or during fabrication /
produd®féh t ebt amgxemplaecnicast operatinpnibeyaddress e mepiary lgaatipmErpnhehich

f d. t he | i f. fault | 1 b i h
PO 0e a 5e bl l ET B PSS Al
o Ty PEL AR KSRt Smand s bk e el 110

oper atseRat lid@Ra2§ endderewtilit i €t file X02pHEdigy sdlo@ad] Therayeeedlcasedgpifichhe
|ines of the bus 210 and the address of the location to be witten to

(" ADRSing Yof rthg addrgsk daes 2Qfhmalyededeiunias swhigh 1BegoriThecatianl in thict Setgntédbtile
contrql mdul e 322 may | ook up ADRS Win the fault register 304 to

det erg?iogél‘f?eafi%}té’nﬁé‘earﬁ?gﬂé&l?%ry cells at that location in the
menory i nstances 3141-3144. The fault mtigation control nodule 322 may set
t he wiD4@] mapFHaoniAdepritgaatc@@iBvicw efomnf expmplathaulemberanBogmary. iShomanent
a mappin hat corresponds to the results of .the | ook-up. The data on the
bus 210 55 SO GROmPyBPTRryEHe 120 Do 3o T B & SRECk B bus

nst a0 FIE tn B o G hg R PHERES M B R A0
aSSer g AANEIRA HBHANOR0Ict PROELS0O2AN HRGERRIPSIAol rpilhid fnes o

the nenory instanc w, and effecting the wite operation. [62] For a
read op&Enaty onfaniche 3dddidds, aml bmltijgared mocules ADRSakd B26nayAlse shbemeatean t he
address bus 208. The fault mtigation control nodule 322 may | ook up ADRS R
i n t heviigudata bagi2dPen reuhdag st dkhianleus 302.Hupssesnd BOady 04 avitteynap geRtfokel I's
ion,in the menory, i.nst es 3141-3144. The fault mtigation

t that |
2ontrgfg"ﬁggaé’ea@z@rw(%?o?ﬁé e p control signal 310 to configure the

mappers 3061-3064 to inplenent a mapping that corresponds to the results of
the | d842up. The fawlfsesistee304 way stypdsheiresplianHOe Ph mereHavkt scaes ab sy

y
i t 3141- 3144 1 1 b 3161-.3164. ti | v.
et P GRoRf fsiaicesa By 1% e S 35h Sthns J0hY pBAHH £ SHbapiE: g SRECG BT (e
. | ' .
DapPS pySetin fifehl hodhehn) M0 PUTIcIQS TRYRE: THAPGIS dsifrt SIRSHAE i, |
| i nes mémbheahdior %gﬂtanbuuﬁh% pragwgion3 068iringesitdhnesings), the nidnsory lindtameys be

mapped to the lines of the bus 3174 by the naﬁper 3064. Based on bits 16
and 1314i-3Br:mE, be hkeanmgditp gletoce fadBmeormmEsess.ofer efich hre buswes dRleried3 174

Secondaliy FRGRO Calle P AEsmBRe Foll BB i< eidh ity b6 oRBENEHecliy
the repd Iﬂgﬁl?er,bﬂl% faaf register 304 may enable determining the number and/or location of
faulty memory cells in the memory instances 314,-314,. The fault register 304 may
comprise any suitable type of volatile and/or non-volatile memory such as SRAM,
DRAM, ROM, EEPROM, flash, eFuse, and/or a register consisting of one or more flip-
12



[63] FIG 3B depicts an exenplary nenory instance. Shown in FIG 3B is an
exenpl ary nenory instance 314y which nmay correspond to any one of the
menory i rnsoanessRi41- 3144 shown in FIG 3A. The nenoryPCcmdtSane2Pidy
conprises a row decoder 330, word/row lines 332[1: M, bit lines 336[1: N
menory cells 3341, 1-334m N, columm i nput/output nodul e 338, and precharge
transistors 347[1:NJ. The cells 334u334m N may reside in one or nore of the
menory instances 3141-3144 of one or nore of the nmenory tiles 2021-2028.

Al t hough a singl e-ended enbodi ment is depicted, each WO

2012/ 158223PCT/ US2012/ 023977 word line 332[m and/or each bit |ine 336[n]
could ft(q:mmesmltamd/dri exasrnhbto thefrhemeny imstargieg3al i +8d 4, AFoutekhinpéd thefailn t he
tem"bit line" is utilized for referring to both a S|n%)e-ended bit line
and aTegittcsr 804 | Baypapmphise PRheOr MEE] OnkdipeRragiesyBablg3ocliaywhishodee a

Cor  cdpafanicd LI AareL BooBtnrd BubE arafqoh,ind by B SRR 6 e
e, e 4R Proged A ST QAR L bt B E BB S hron PR e

Menor beGRehmi@ted O8R!, i Flashpovaxanhiple sQiOaSs. CMeph&Y delly TttRE Sallnebgdier or
nore access transistors. Al though, a six transistor (6T) SRAM nenory cell

is shcmay be nélysmﬁmtsepma&pﬁioneﬁleeqmmy agdlis| oft the anemmprywvestanoge wr 4 1y
cel | 8 [ 66] The c bll’m i nput/ ut t nodul e 331? eI ect whet her
t he b @UY"%@ Oﬁaédlt ey FEES (Fe@ne-PE MefK) O hee BRI 1S 5CE ho

bit | | aﬁ %ﬂ%aﬁ@@a@ed‘%ﬂnc Bﬁ%stﬁgﬁ%&flt }egfsté'i’“ te enabl e signal 312

correspoh € nenor |ns ance asSserted, the bus 316
336[ 1IR80) wheh ”g S419F Eeauds seteh q@%@ggég;&;g%gg S i Mo s 5
|1 nes f’gﬁ%ﬁ ]30%“ %%@7@5%21]9 %%H%i %F naf 378 S]{)ﬁflﬁg 4%1][6 '&ﬂgpﬁi’lon RRL %oXtr?f

the bite 14 nes g8 operarion enbod

the i ny&di1E 322 thR¢ cORFBI thel éﬂétb%f%e%{'% &Y c8hB6I ﬁ?ﬁ:ﬂ@(ﬁb@seﬁ'dﬂ el dryayof
precharge transi stors which, when enabl ed, may app to the bit linres

336[ 1:0fmgmety ¢llsdbein® vaittent amhtlmaom:ents pbdie ﬂalukcreghmmhatmd%te@poﬁﬁ ts an
expanded vi ew of an exerrpl ary one of the menory cells 3341, 1-334m N. The
expand@df arrwfd@sn@w cgllyoPuirivg aolreaﬁimemtf%ﬁl@mwro gneduleed mapeaptiobnd

366 h f
nver 185 sPUEST UG b madeotBi il T bRk Fu BB} arSh AR TR B Pringyn,
Si X traRPFRhPhnd the contents of the fault register that corresponds to that array of memory

cells.

[051] During a read operation, the signal lines of the bus 302 may be connected,
respectively, to bit lines of each of the memory instances 314,—314,. During a write
operation, the signal lines of the bus 316, may be connected to the bit lines of the
memory instance 314, the signal lines of the bus 316, may be connected to the bit lines
of the memory instance 314,, the signal lines of the bus 3165 may be connected to the bit
lines of the memory instance 3145, and the signal lines of the bus 316, may be connected
to the bit lines of the memory instance 314,,. This is illustrated in FIG. 3B, which is

described below.

[052] The fault mitigation mapper 3065 determines which lines of the write data bus
210 connect to which lines of the bus 302. Different values of the write map control

13



WO 2012/ 158223PCT/ US2012/ 023977 (6T) SRAM nenory cell is shown, the

i nvention applies equally well to other well-known nenory cell designs.

[ 69] I n operatyidsy23t he val ue of V. nay determ ne the numrberusedi2foaastty
menory cells. This dependence on V. may be due, for exanple, to variations
in transistor threshold voltages anong the nenory cells 33411-3341\4, N and
variations in the anount of tinme required to charge nodes wthin a cell to
a given threshold voltage. Accordingly, during a calibration (e.g., a
self-test during start-up) of the nenory 200, the value of V. may be
adjusted to achieve a desired bal ance between performance (e.g., as

meas urséghal 308 exomrespbndwrdéfferoht frappingsdeltveemdd iney aff theawrivhdath tat2l (can
be witten and/or read fromthe nenory) and power consunption, for a given
appl i caditbalineg ghthediusil0de |y, various paraneters of the menory cells

3341, 1-334m N may affect how many of nenory cells 33411-3341\4,N are faulty
for gi[083] pr oths Saultomitagrionanthppem3@oatdotenciaasiwhiohslind&uoh tharmaeBe6s may
i ncl ude various physical dinensions of the nmenory cells 33411-334/v1, N. For

exanplcenngdidopahighdinesofnthy tusclldde Whiienaselymaf thegsigaals? dnds selegted pathe

i dt h I th f e. or. t i gt .(e.q.. h

o R TS W S Ao RSk MR, B 2 S e RS R i 3161 e
t 'c%hﬁé&.t§%i$ﬁglgl)ﬁ% oft i il Rka bli2886. Diftrent VUL )he ﬁﬁﬁ?‘f(‘? Rgnf6E ween

rans
traces, a size 0 acts, a spacing of contacts, a size usi on

vel |'s sig@ad300 cdrerperd® iFfareenmdppings befivesdl the.biACXI®, dindghy buvi3an, (and
designing a nenory for a particular application, one or nore such

par aneghes diffesgnthrapppgs beioveco the hiie v &6 pardbdierread Hatadnse liet ween per f or nance
(e.g., as neasured in terns of nunber of faulty cells and/or rate at which

data gemdpe Wrhé tfanltamek @itione athppe BO6h eddi@iming vAlidh MEReY W aheabus BT18]
FIG 3Cillustrates an exenplary mapping between a fault register and

menor yoortdttormhabdihesiof thhebusalllh. riélginsately, iRdfeesighalB ko iFIsdlec®d, by bere i s
shown an M row N col um, bl ack of nmemory 351, wherein M an re
i nt egdPBltiPLGFET é%, e TapitAniseating IRpey A8y detepinies tvhighdings (92 &L\I%Suwé%z y

351 r._.e I e rYN: I

2012/ onsdesREB sy G kTBAET BuS3ERy RIBRHH MRy stabe rsrdmapsenp, y
e”bo_d'sfgdﬁ‘l 390 BRsHANER EFTbreMBRAPPHIAYs BELRIDIYE IR IBMnEGhE BRR3NY, {shd
particul ar menory address (and thus each row may be an "array" as fhat term
i s ut ithugzédfehertanm)pingnbemaichehe bobddb nend theaaadh dambusddd 63onpri se a
plurality of arrays corresponding to a plurality of nmenory addresses. In
still [gn9f herTﬁ@%ﬂlt”ﬁﬂ‘igatﬁfnr fappel 3008 dRERRNeD!WRikh3BdesTBY BPAUsTYIE] Pl e
rows and,” thus, a single nenory addresS may correspond to nultiple rows.

[ 72] Abanegthtovwmhizhdimesnafrthe drisl 31 73501kl yofif thHeesifgmall 316;agissleeted3loy thavher e
K= ceili n?ﬁ(I\/Ii "ceiling()" denotes a rounding up to the nearest integer,

and i mltip &ehﬁiéemeﬁ@uue@@gatlan@mpﬂ ROPudetgamireschhich dies pbthe bus 350; of
t he nmenor |l ock 351 may correspond tQ.) rQ of nor ells of the nor
bl ock ca8adci Siig TbeRBY s gy B Ohe BRHMEwR AR of off kel e BRyOE el | &
3501- i I t
rogi st 3IPeprre BERPLo WRlotER MapbinBERRALGOHEIIS 112, 3E, hEbU I (gnd
faul t yheedifferém hiyspinBabétvdehabk bad316Anabihdiregd Yatadsipexitss. of the invention
may enabl e adjusting I based on the value of V.. For exanple, snaller

i . Cibi . _ oS
Dt onond) comphsanl i ERRont i pperBeiacEiniae; Snith AR B IHEEH161  ons
of theohhe&akookhizhmiiey ciSthe Uer3 iexarpliignatalyf iif fe 19l i, ii9ReRLtedaby e Of i
and V. nmay be optimal when storing a first data type to the block of nenory

351, amdtiplexecdnd, herfoilianitigation mappeeS06§ deteaminey. whiah lines oftherbiis dhén

vhy: - Ronted iR Bof bl 05l Preti R biaru LS 3h B 2P

posy o1 . | Sad/FOres

ot 21 ngegft ATAREFieSptd T iR RaRABEET BefPGR, et B, e BRE 2} (dha

tr amitﬁﬁ@difﬁr&ﬁ%n&@]ﬂ%§ besveehé Bls B‘f‘gﬁéﬁﬂ #Rlkad Ha@%smg.be utilized with
4

smal l er values of i. Tn this manner, e size of the fault register and
size of the block of nenory 351 may be’adjusted to achi eve an optinum
design trade-off. In an exenplary enbodi ment of the invention, all
parameters - V., i, and sizes of individual transistors - may be adjusted
to achieve an WO 2012/ 158223PCT/ US2012/ 023977



opti mum power, area, and performance trade-off for a given application.
Such adj ustnents/optim zations of i may take place during production of the
bl ock of wermryis823, and/or during a calibration routi n@eCriisedi2oesp;7 f or
exanple, be run at start-up of the block of nmenory 351. [74] The exenplary
enbodiment in FIG 3C wherein one fault register cell 350k corresponds to
each i rows of the block of nmenory 351, may correspond to an enbodi nent in
whi ch arrays are zoned into two sensitivity zones (sensitivity zones are
described in further detail below). The invention, however, is not so
limted, and nore than one fault register bit nmay correspond to each i rows
of thg0bTlock The nmenroyy Smktances a3l 4gxBivh| anay engstiseeohe obr therel vyt i o,

t he nunber of fault register cells that correspond to each i rows nmay be
equal memewi.| Eaglt kogzrnay viprdde ertifedy am ongtaddde raemarneinstagss B 1énatl 44, or

ts th f itivit . F , R=4 ..0.
;2?8 E]fsiﬁ%a:sspﬁpgﬁl?ﬂ?@? OBt STantt LGOS nOREnGF 3 Forblrs: { ndh éh%a?‘%ﬁpﬁ%
au - C r : i -
ehﬂﬂid?%‘lﬁﬁt 6flths ufl\?er %a{%a%h o?Vfhe %elleﬁgpirp 1ﬂstaﬁ&sa§14§5‘99ﬂ Hﬁgl C a]?ﬂgée

i nvent1 on, e value o e optimz or ‘a particular application of
t he maviBNymeitiogy \callvarahgdd iy Meaoad) digt Rdcah@ng, whek ehust MNEMEN DR an V.,
and/ or sizes of individual transistors. [75] FIG 3D illustrates an

exenplintegepandionn osboth paM andN isgatatenthmonk.rol 1 er. Referring to FIG 3D,
the depicted portion of the fault mtigation controller 322 conprises a

faul t [esgunMul Thomdbplexend1Ragh¢ sdUvdich368 the3bisse3827 -814, 366 roukeBio | N
operation, upon start-up of the nenory 200, a scan of the nenory 200 may be

i ni ti dbebus 3h8. ddenmotiplexarptlismayrbiet domgrolledtb ydeneaot more himey of theaaddrgss he
test data from penoyy, and then_ conpari the witte tato the read data
to detowst(mes {9 Mdéy ROETaSBONGAE Lo @ity Yivdp angcg@ i dhe  FRemplan:
accurr%%?rgo%mggpd%ﬁgtea%rﬁépggcj to a particular colum of nenory in the

bl ock "of nenory Bbe hed.”

ok oty ing Iscanne Accgrqi ngly, for ]the i rows beihng t est ed,
bits 0P5The 1 2l ehuBler 228 massTasevidpbiuphde bu ARt Edobule eribe i T °
[ d. /11582 [ US2 I il id
the. port G 310"cHP SRYBRREERES o B STy AP Pk it S TGS
bl ock ppk ('I'i%@“(_ﬁ,k&?ésgoﬁ&ﬁﬁg PhAd %Y bReO, Wi EHeeexéIﬁpl%PF chitydimead déﬁi@f@dt fie

cells in portion 3521 to detect any faulty cells in portion 3521. For each
col umFIG. BAW)ough N, the one or nore bits of the fault accunul ator 356
corresponding to that colum may be increnented each tinme a faulty nenory

cel | i[§6(‘§|§t ectiedpdrhtibhait sﬁﬁ‘{—Hanfortdﬁ?i#%?fgﬁ%i%ﬁ(ﬁﬁzﬂfod%ﬁgn %’és!tin%,e!l k&arl & t he

portion 21 have been tested, one or ogi cal” and/or arithnetic

oper atthomseraoy appinced 31 4,-t31d, coay batperiafiinfeduditd declocution of f3bly taemory
determ ne whether the cell 3501 of the fault register should be asserted or
deasséetlegaydg stogxioin theifayt epedstet 301 mAyter it wands caapldacthe merpee 2Qdu t

itigati . 0., fault-miigati 3061- 3065 of FI 3A
re tanby PreBaREm bBeian By e ok B en SEOTR AR NG ki O TG £52ane
r eadi QoL L SM B i%gég%)‘b'eﬂv%hel quatgl’ M Rpé&L: Conversely, cell 3501 being

deasserted may I ndicate that one or nore fault mitigati on nappers (e.g.,

RN AR S S T
the potn@MimsdF the bus 210 and the address of the location to be written to (“ADRS_W)
may be placed on the address bus 208. The fault mitigation control module 322 may look
up ADRS_W in the fault register 304 to determine if there are any faulty memory cells at
that location in the memory instances 314,-314,. The fault mitigation control module
322 may set the write map control signal 308 to configure the mapper 3065 to implement

a mapping that corresponds to the results of the look-up. The data on the bus 210 may
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[ 78] The logical and/or arithmetic operations perforned on the contents of
the fault accunul ator 356 nay depend on which columms of the portion 3521
corr espomaioto1hisgizdsensi tivity zones and whi ch col unms eCTiuseoipoeisron 3521
correspond to lowsensitivity zones. In the exenplary portion depicted,
there are high-sensitivity portions 3681 and 3683 and | owsensitivity
portions 3682 and 3684, each of the portions each conprising one or nore
bits corresponding to one or nore colums of the nenory bl ock 351. The
bit(s) of the portions 3681 and 3683 are logically ORed by nodule 358, to
generate signal 359. The bit(s) of the portions 3682 and 3684 are logically
ORed hhermbel ulappd36@ntd thedaned( €Tlsd Binalf tikbdhritd bealde gizmlal 362 cogresporidgtd by
inverter 362, to generate signal 363. Signals 361 and 363 are ANDed to
gener dpemenyHslangs 6 14wt (tbe gneinoReBstanca swsraspandingda %DBSxéy) meaywienten t o

o ety e CRIBB RIo\SS o s 3RE 1P R 5 eaI G 19 Oif Hags BRARE SHETBBI | ons
352= 353%5& 6999/1439, ggegf%%gggqﬁe (N?H Pge];agigﬁt manner sim | ar to that described

above for portl on regi ster cells 350=350K may be

I I to that des d ab |1 350 80
Pl s, THh2le ofplt @Eé‘%eIoéézg‘%ﬁ;Ihg"@g%m R AT P AP0 MRKIRPIEG oned
' A %‘Iﬂh%%ﬁﬂkésk‘ﬂu%b&%onﬁﬁ 29.11 I&ﬁg% fo tf(heinb@ﬁ@%tﬂ%]aﬁmgol?ﬁ Wbﬁsf qul ty

ells 1n the array are an array o msrmr 400,

a faulia the gt RIgi4O23@6 &pdéetmthent ttherehe any ExuldP thendttd @istat Bhit 18adtord! ock
to be witten to the array 400. In the exenplary enbodi nent depicted in

FI GS. idthaimenigyanstayces(ll 4is3 B44bﬂfh§: fant migadan xobirot knoduled3 Bl nEy dettha he
invention is not so.li %g sed on tgﬁ%d@qatqb stored to.the
array % @BmaPIFé’néfé’ B¥Ng i‘ﬁé" 59 ur&d C RAPPSES arfPd TP IEHNER 3 BROPIS ity
o i rreRPRER G BT 1o-by TR Gory S RABIREA PR Ty

bei ng i haclyRE ardnfitor Olnsat&g 34 he3y 405 -mAy beNtcadeHROSh FERhsse @B 18, LPIG,I N

one of bits [7:4] of the data bl oc woul d cause a larger deviation in
syst enegpecfioelyaride linesoft the bue B3 6¢ mayabeumapped tomdel lchea n)fethe bus Bih7 pby thod
bits [3:0] of the data bl ock 404, For exanple, in a dig com‘rum cation

or Vi d@@@é@émth@ﬂme@pf die bug 31 G:EnaRpe papiesk toghe dinep 9€ éhf{ bEfR}* :ole fhcame

o r or TP S06yntheRSE gR B 0. mAL o shfiedDiorhdined of tad PE3 YTy By e
been zg r%§)6?'t19:hﬁﬁe§@fnﬁfetﬁdé' 46,6847 Be rﬁfng;ems th9‘1‘ﬁ"1Es beite ng&é B$7 (sflgIé

[3: 0]) been zoned as | ower sensitivit " I'n an enbodi ment

i nventmafpper\Bf%QhB‘aeﬂB ohibiistlyo zahes af DRSS Rndie)mudxmlum 3ociditheo s mogned
to may be determ ned based on a nornalized difference in a system

per f oth&husseastlri-31(7e tg the bug 3 EY.r Basedor bitEER) ALRRS_Roeithexta Gest portialy of

colum bein fault S .conp dto at cell 0l u bei n

£ unct Aoepnd poRsoRbiedEEs e bioa 1St Semeclidbiothy iash BF 4hé 50 datppbus
mappi betvveen the cells [7:0] of the array 400 and the bits [7:0] of the
data bl'ock 404 may be determ ned based on a mapping indicated by the fault

regi st 402. 8 In .FIG 4A there are na faulty cells.i e,ar.ray 400.
i
Accord/ddl y, F qu"?PlF‘ég“i‘%teéP Yi WEMOLY J8SRAcE- QWi ¢n ?IS Bl o be
utili t I t
mappi cacmpldhy; BEnfot Rl ahYe STASEN pREPLEREHAE (O G, i 8 Miehbh®
Sequeﬁﬁétéﬂlde}é 3101 LBP44C§HdV$n [iR: FI[G oAt @h@hﬁéﬁoﬁﬂﬁlstdﬂ&@tﬂéﬁp céﬂﬁﬁrlé@spﬂlrﬂw
utilized in FIG 4A 1s as shown in table 1 bel'ow. Table
decoder 330, word/row lines 332[1:M], bit lines 336[1:N], memory cells 334, ,-334\ N,
column input/output module 338, and precharge transistors 347[1:N]. The cells 334, ;—

334y n may reside in one or more of the memory instances 314,-314, of one or more of

the memory tiles 202,-2025. Although a single-ended embodiment is depicted, each
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Cell of array 400 Bit of data block 404 [0] [O] [1] [1] [2] [2] [3] [3]
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word line 332[m] and/or each bit line 336[n] could comprise two lines for differential
signaling. As utilized herein the tem “bit line” is utilized for referring to both a single-

ended bit line and a differential pair bit line.

[064] The row decoder 330 may decode a portion of the binary encoded address on
the bus 208 such that the row line corresponding to the address 208 is asserted (i.e.

“selected”) while the remaining word lines 332 are deasserted (i.e. “unselected”).

[065] Each of the memory cells 334, ;—334y;ny may be operable to store a bit of data.
Each memory cell may comprise, for example, cross-coupled inverters and one or more
access transistors. Although, a six transistor (6T) SRAM memory cell is shown, the

invention applies equally well to other well known memory cell designs.

[066] The column input/output module 338 may select whether the bus 302 (see FIG.
3A) or a bus 316 (see FIG. 3A) is connected to the bit lines 336[1:N]. When we[Y], the
bit of the write enable signal 312 corresponding to the memory instance 314y, is asserted,
the bus 316 corresponding to the memory instance 314y may be coupled to the bit lines
336[1:N], when wely] is deasserted the bus 302 may be connected to the bit lines
336[1:N].

[067] The precharge transistors 347[1:N] may apply Vem to the bit lines 336[1:N]
during a write operation. In another embodiment of the invention, the memory instance
314y may also comprise a plurality of precharge transistors which, when enabled, may

apply Viem to the bit lines 336[1:N] just prior to a read operation.

[068] Also shown in FIG. 3B is an expanded view of an exemplary one of the
memory cells 334, ,-334yn. The expanded view depicts a portion of the differential bit
lines 336[N]+ and 366[N]-, a portion of the word line 332[2], a pair of cross-coupled

inverters 339 and 340, and cell access transistors 345 and 346. Although, a six transistor

17



[4] [4] [5] [5] [6] [6] [7] [7] [84] In FIG 4B, there is a faulty nenory
cell (cell [1]) in the |lower sensitivity zone, but none in the higher
sensitiviwgammess228ccordi ngly, the fault register 402 i mdrast@g/oeidvat t he
first mapping is to be used.

(6T) SRAM memory cell is shown, the invention applies equally well to other well-

known memory cell designs.

[069] In operation, the value of V., may determine the number of faulty memory
cells. This dependence on V., may be due, for example, to variations in transistor
threshold voltages among the memory cells 334, ;—334y and variations in the amount of
time required to charge nodes within a cell to a given threshold voltage. Accordingly,
during a calibration (e.g., a self-test during start-up) of the memory 200, the value of
Viem may be adjusted to achieve a desired balance between performance (e.g., as
measured in terms of number of faulty cells and/or rate at which data can be written

and/or read from the memory) and power consumption, for a given application.

[070] Similarly, various parameters of the memory cells 334, ;-334yn may affect
how many of memory cells 334, ;-334yn are faulty for given process, voltage, and
temperature conditions. Such parameters may include various physical dimensions of the
memory cells 334, ,-334yy. For example, the parameters may include one or more
dimensions (e.g., gate width and/or length) of one or more transistors (e.g., precharge
transistors 347[1:N], the cell access transistors 345 and 346, and/or the transistors 341—
344), a width of traces (i.e., “wires”), a spacing between traces, a size of contacts, a
spacing of contacts, a size of diffusion wells, and/or a spacing between diffusion wells.
Accordingly, when designing a memory for a particular application, one or more such
parameters may be adjusted to achieve a desired balance between performance (e.g., as
measured in terms of number of faulty cells and/or rate at which data can be written

and/or read from the memory) and memory area.

[071] FIG. 3C illustrates an exemplary mapping between a fault register and memory
cells managed via the fault register. Referring to FIG. 3C, there is shown an M row by N
column block of memory 351, wherein M and N are integers, and one or both of them is
greater than 1. The block of memory 351 may, for example, correspond to memory cells
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[85] In FIG 4C, there is a faulty nenory cell (cell [5]) in the higher
sensitivity zone and none in the | ower sensitivity zone. Accordingly, the
faul t regwet2er2/4823i ndi cates that a second nappi ng i s techhasasiend23dn t he
exenpl ary enbodi nent depicted in FIGS. 4A-4E, the second mapping results in
the bits [O:N] of the data bl ock 404 being witten reverse-sequentially to
the cells [0:N] of the array 400. That is, the mapping utilized in FIG 4C
is as shown in table 2 below. WD 2012/158223PCT/ US2012/ 023977 Table 2 Cel
of array 400 Bit of data block 404 [O0] [7] [1] [6]

334, 1-334y~ of memory 200. In an exemplary embodiment of the invention, each row
of memory 351 may correspond to a particular memory address (and thus each row may

K

be an “array” as that term is utilized herein). In another embodiment, each row may
comprise a plurality of arrays corresponding to a plurality of memory addresses. In still
another embodiment, arrays in the memory block 351 may span multiple rows and, thus,

a single memory address may correspond to multiple rows.

[072] Also shown are memory cells 350,-350 of the fault register 304, where K =
ceiling(M/i), “ceiling()” denotes a rounding up to the nearest integer, and i is an integer
between 1 and M, inclusive. Each first portion 352 of the memory block 351 may
correspond to 1 rows of memory cells of the memory block 351 and may be associated
with one of the fault register memory cells 350,—350x. Thus, larger values of i may
correspond to smaller fault registers, while smaller values of i may provide better
mitigation of faulty cells in the memory block 351. Accordingly, aspects of the invention
may enable adjusting i based on the value of V... For example, smaller values of i may
be utilized with smaller values of V.., and visa-versa. Different combination of i and
Viem may be optimal for different applications of the block of memory 351. For
example, a first combination of values of i and V., may be optimal when storing a first
data type to the block of memory 351, and a second combination of values of i and V.,
may be optimal when storing a second data type to the block of memory 351. Different

data types may, for example, correspond to different formats and/or standards.

[073] Similarly, aspects of the invention may enable adjusting i based on a sizing of
transistors of the memory block 351. For example, smaller transistor sizes (and thus
smaller memory cell sizes) may be utilized with smaller values of i. In this manner, the
size of the fault register and size of the block of memory 351 may be adjusted to achieve
an optimum design trade-off. In an exemplary embodiment of the invention, all

parameters — Viem, 1, and sizes of individual transistors — may be adjusted to achieve an
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optimum power, area, and performance trade-off for a given application. Such
adjustments/optimizations of i may take place during production of the block of memory
351, and/or during a calibration routine which may, for example, be run at start-up of the

block of memory 351.

[074] The exemplary embodiment in FIG. 3C wherein one fault register cell 350y
corresponds to each i rows of the block of memory 351, may correspond to an
embodiment in which arrays are zoned into two sensitivity zones (sensitivity zones are
described in further detail below). The invention, however, is not so limited, and more
than one fault register bit may correspond to each i rows of the block of memory 351. In
an exemplary embodiment of the invention, the number of fault register cells that
correspond to each i rows may be equal to ceiling(log,R), where R is an integer greater
than 1 that represents the number of sensitivity zones. For example, for R=4 (e.g., High,
Med. High, Med. Low, and Low) sensitivity zones, there may be two fault register cells
for each i rows of memory. In an embodiment of the invention, the value of R may be
optimized for a particular application of the memory. The value of R may be adjusted

along with adjustments to 1, V e, and/or sizes of individual transistors.

[075] FIG. 3D illustrates an exemplary portion of a fault mitigation controller.
Referring to FIG. 3D, the depicted portion of the fault mitigation controller 322
comprises a fault accumulator 356, and logic modules 358, 360, 362, and 364.

[076] In operation, upon start-up of the memory 200, a scan of the memory 200 may
be initiated. The scan may comprise writing test data to memory, reading the test data
from memory, and then comparing the written data to the read data to detect faulty
memory cells. Each cell or group of cells of the fault accumulator 356 may correspond to
a particular column of memory in the block of memory being scanned. Accordingly, for
the i rows being tested, each time a faulty cell is detected in a particular column, the one
or more bits of the fault accumulator 356 corresponding to that column are incremented.
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[7] [0] [86] In FIG 4D, there is a faulty nenory cell (cell [4]) in the
hi gher sensitivity zone and a faulty nenory cell (cell [1]) in the |ower
sensitiviwg zamiess228spect s of the invention may enabl e ceopars2oig/orive7
potential error in the value of the data bl ock 404 for each avail abl e

mappi ng to determ ne which mapping to utilize. To illustrate, in FIG 4D,
the first mapping results in a potential errors at bits 4 and 1, and the
second mapping results in potential errors at bits 6 and 3. Accordingly, in
FIG 4D, the first mapping nay be utilized. Simlarly, in FIG 4E, the
first mapping results in potential errors at bits 7 and 2, and the second
mappi nQ77lesul Ts illostpne etdnsider eh¢ posticat obedls ISAHNEFIC. 369 cordip@iding itathd G
4E, the second mapping is utilized. [87] Wiile FIGS. 4A-4E depict two
sensi tfirg§ k ipwsaafesblock of magrnee3 Y heTenidott may bsewgiten (o agd shemgead fiom ey can

e S S50 BTl B ot I3 Lo B TR BT
sensi it Viht ¥nk %ﬁglmﬁtﬁe%ﬁﬂs:%fgﬁé g@.ﬂf A nYul 463 3:32%%% Hng k@ Eha%égﬁllut? Hla?} e

error rate). I IS an exenplary I enentati on e nmenory
i nst anf@embAyeds eZ@d i@ a Shalty needata cbll ds kietddik® it hkatdedlanmd of khetPdrtidn €. ,

8 bit data blocks with upper four bits being higher-sensitivity and | ower
four BiSPs dneryall medls-inethsipartipnyds2, Tawe besn testiedeaod aromorg laghealnanddory

cells 334,1 - 334,4 (the cells in the highef-sensitivity z re | arger

t han ©RENRELGOPEEX %@&PB‘I@S dashg C@flwg%cef FRf Acgupmulaigs 556 to &efermiie
2012/ / / . LV ) ' i zi

resul ék}a? nﬁ?’%g%r%%%@&/gggﬁggﬂlﬁ% lét%ﬁ:gg Eellrd - %%ﬁ%%e? f%a ?rya_g%ﬁeeﬁ%(ﬁa%ﬂr:g?%e

| over +3ansiakieticdy n&Qnendivitt | @afldae 6F rhblelUshulatRRighiBn CRhbpsks Z@Sg f Faulkwo
sensitivity zones, Sizing based on sensitivity can be applied to any nunber
of semsititgtion ymappers . 308 ,#830@r bf , FI&l. t hMaugine o Guitildde hafirsa dmialine- mnbit-line
correspondence between nunber of sensitivity zones and_number of cell

si zes MIMBE whenpaviigng ke gad peadias fromy b afrayfindbe pprtian 3321z dreivesstdy ristber

of celj.,Skzes coul d be used,. For, exanple, there could. be two cell sizes for
Four - Sone PRI G Siralmt g fidicaRany SRECE el Pl STsionmP RS e nGiE
sensi thifich¥oR %g@&@%@@%ﬁ& PIG 23A) 9L ’t%llﬁﬂ%ra Shhd gﬁq-ﬁﬂaetd*gﬁuml ow
sensitivity zone and | ow sensitivity zone having cells of a second, snaller
Si Ize. I{lﬂﬁfﬁ]}lfwﬁen%iﬂﬂgﬂt@ﬁﬁd asudéxefmphadiy armayin yheaparapni3d2ywhi ch t he supply
vol tage o

[078] The logical and/or arithmetic operations performed on the contents of the fault
accumulator 356 may depend on which columns of the portion 352, correspond to high-
sensitivity zones and which columns of the portion 352; correspond to low-sensitivity
zones. In the exemplary portion depicted, there are high-sensitivity portions 368; and
3685 and low-sensitivity portions 368, and 368, each of the portions each comprising
one or more bits corresponding to one or more columns of the memory block 351. The
bit(s) of the portions 368, and 3685 are logically ORed by module 358, to generate signal
359. The bit(s) of the portions 368, and 368, are logically ORed by module 360, to
generate signal 361. The signal 361 is inverted by inverter 362, to generate signal 363.
Signals 361 and 363 are ANDed to generate signal 366. If signal 366 is asserted, then a 1
may be written to memory cell 350, and if signal 366 is deasserted, then a O may be

written to memory cell 350;.
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each of the nmenory cells is related to the sensitivity to the cell being
faulty (as neasured by, for exanple, bit error rate). Shown in FIG 4Gis
an exenplhwoyoizgsgeaent ati on of the menory instance 314y pairtus2&iappioy?

vol tages configured for storing data bl ocks |like the data bl ock 404. That
is, for each rowm the nmenory cells 334"1- 334"4 (the cells in the

hi gher-sensitivity zone) are supplied with Vnrem and nenory cells 334,5 -
334,8 (the cells in the lower-sensitivity zone) are supplied with Vnent,
wherein Vmem > VnenR. This configuration of supply voltages may result in
fewer faulty cells in the higher-sensitivity zone than in the

| ower -[0&9si t i Eadly of portiondf3IB—-F32z, M4y bé Isusinealt s fhwlos aupphynneslsimgastd or
two sensitivity zones, supply voltage configuration based on sensitivity

can béhailsiseebed abavsyfasusstion 35 2s e hark iof iths Tawdhengistss eallsad 30z mowdre FI G
nunberod Paghiy PHanEagaa TR RE e R CRNEIO Bl daah nirer of 7" ™

sensitivity zones and nunber of supply voltages coul d be used. For exanple,
there [@8Q) d bEIGHo48ufpl depiol pagesntaryf sxntceins which ay areyest memary ke

hi gh- Etivit .and d high . itivit bei |.ied WO
2012/ 75593 HHETMISKIR) BRSPS SEAIRE Ahe FBRCHORO, Py Mooy 405 Cellaim ne

pt v v . . h
Second® FHtaZ: SRoh MCHEIEA S gkt AT If i OO, RO A0 RARRLREE J02 1 @
i ti gakscuiate@paikitha meay d00Reh®an i3 Bt tdatFblock %8, bet Weittealibtth@iatiagat(G0oNIn

mappi ng nodul e 502 conprises input lines 504[7:0], output lines 510[7:0], a
mul ti phexreemphgy carbdamenindeppttediigddGSs #A-Arhthe darbay 400iy Sibitsiagdathe sl i s

bl ovBHOF A8 B Dopls YRR AT OdTBNE: 512 18 10gic L, the |ines

504[7: 0] may be mapped to the lines 510[7:0] is as shown below in table 8.

Tabl e [B8b5j04[ OBa&tlop0thesGath 1p 81091 to the array 400, the cells of the array 400 may
be zoned into a high sensitivity zone and a low sensitivity zone. To illustrate, in the
exemplary embodiment depicted in FIGS. 4A-4C, the data block 404 is an 8-bit number
with bit [7] being the MSB and bit [0] being the LSB. In this embodiment, an error in
one of bits [7:4] of the data block 404 would cause a larger deviation in system
performance from the correct value than would an error in one of bits [3:0] of the data
block 404. For example, in a digital communication or video system, bit error rate
(BER), packet error rate (PER), or frame error rate (FER) may be lower with an error in
bits [7:4] than with an error in bits [3:0]. Accordingly, the upper four cells (cells [7:4])
have been zoned as higher sensitivity cells, and the lower four cells (cells [3:0]) have
been zoned as lower sensitivity cells. In an embodiment of the invention, which
sensitivity zone a cells and/or column should be assigned to may be determined based on
a normalized difference in a system performance metric (e.g., bit error rate (BER)) due to

that cell and/or column being faulty as compared to that cell and/or column being

functional.
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[082] In operation, the mapping between the cells [7:0] of the array 400 and the bits
[7:0] of the data block 404 may be determined based on a mapping indicated by the fault
register 402.

[083] In FIG. 4A, there are no faulty cells in the array 400. Accordingly, the fault
register 402 indicates that a first mapping is to be utilized. In the exemplary embodiment
depicted in FIGS. 4A—4E, the first mapping results in the bits [0:N] of the data block 404
being written sequentially to the cells [O:N] of the array 400. That is, the mapping

utilized in FIG. 4A is as shown in table 1 below.

Table 1
Cell of array 400 Bit of data block 404
[0] [0]
[1] [1]
[2] [2]
[3] [3]
[4] [4]
[5] [5]
[6] [6]
[7] [7]

[084] In FIG. 4B, there is a faulty memory cell (cell [1]) in the lower sensitivity
zone, but none in the higher sensitivity zone. Accordingly, the fault register 402

indicates that the first mapping is to be used.

[085] In FIG. 4C, there is a faulty memory cell (cell [5]) in the higher sensitivity
zone and none in the lower sensitivity zone. Accordingly, the fault register 402 indicates
that a second mapping is to be used. In the exemplary embodiment depicted in FIGS.
4A—4E, the second mapping results in the bits [0:N] of the data block 404 being written
reverse-sequentially to the cells [0:N] of the array 400. That is, the mapping utilized in
FIG. 4C is as shown in table 2 below.
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510[7] Table 4 504[0] 510[7] 504[1] 510[6] 504[2] 510[ 5]
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Table 2
Cell of array 400 Bit of data block 404
[0] [7]
[1] [6]
[2] [5]
[3] [4]
[4] [3]
[5] [2]
[6] [1]
[7] [0]

[086] In FIG. 4D, there is a faulty memory cell (cell [4]) in the higher sensitivity
zone and a faulty memory cell (cell [1]) in the lower sensitivity zone. Aspects of the
invention may enable comparing the potential error in the value of the data block 404 for
each available mapping to determine which mapping to utilize. To illustrate, in FIG. 4D,
the first mapping results in a potential errors at bits 4 and 1, and the second mapping
results in potential errors at bits 6 and 3. Accordingly, in FIG. 4D, the first mapping may
be utilized. Similarly, in FIG. 4E, the first mapping results in potential errors at bits 7
and 2, and the second mapping results in potential errors at bits 5 and 0. Accordingly, in

FIG. 4E, the second mapping is utilized.

[087] While FIGS. 4A-4E depict two sensitivity zones, in practice the number of

sensitivity zones utilized can be any integer greater than 1.

[088] FIG. 4F depicts an exemplary memory array in which the size of each of the
memory cells is related to the sensitivity to the cell being faulty (as measured by, for
example, bit error rate). Shown in FIG. 4F is an exemplary implementation of the
memory instance 314y sized for storing data blocks like the data block 404 (i.e., 8 bit data
blocks with upper four bits being higher-sensitivity and lower four bits being lower-
sensitivity). That is, for each row m, the memory cells 334,,; — 334,,4 (the cells in the

higher-sensitivity zone) are larger than the memory cells 334, s — 334, 5 (the cells in the
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lower-sensitivity zone). This sizing may result in fewer faulty cells in the higher-
sensitivity zone than in the lower-sensitivity zone. While FIG. 4F illustrates two cell
sizes for two sensitivity zones, sizing based on sensitivity can be applied to any number
of sensitivity zones. Similarly, although FIG. 4F has a one-to-one correspondence
between number of sensitivity zones and number of cell sizes, other relationships
between number of sensitivity zones and number of cell sizes could be used. For
example, there could be two cell sizes for four sensitivity zones, with the high-sensitivity
zone and medium-high sensitivity zones having cells of a first, larger size, and the
medium-low sensitivity zone and low sensitivity zone having cells of a second, smaller

size.

[089] FIG. 4G depicts an exemplary memory array in which the supply voltage of
each of the memory cells is related to the sensitivity to the cell being faulty (as measured
by, for example, bit error rate). Shown in FIG. 4G is an exemplary implementation of the
memory instance 314y with supply voltages configured for storing data blocks like the
data block 404. That is, for each row m, the memory cells 334, ; — 334,, 4 (the cells in the
higher-sensitivity zone) are supplied with V,.,; and memory cells 334, 5 — 334, ¢ (the
cells in the lower-sensitivity zone) are supplied with Ve, wherein Vipemy > Viemp. This
configuration of supply voltages may result in fewer faulty cells in the higher-sensitivity
zone than in the lower-sensitivity zone. While FIG. 4G illustrates two supply voltages
for two sensitivity zones, supply voltage configuration based on sensitivity can be applied
to any number of sensitivity zones. Similarly, although FIG. 4G has a one-to-one
correspondence between number of sensitivity zones and number of supply voltages,
other relationships between number of sensitivity zones and number of supply voltages
could be used. For example, there could be two supply voltages for four sensitivity

zones, with the high-sensitivity zone and medium-high sensitivity zones being supplied
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WO 2012/ 158223PCT/ US2012/ 023977 [91] The fault mtigation mappi ng nodul e
depicted in FIG 5A achieves different mappings via re-ordering of signal

| i nes. | rwohoe/1ssazder, delay introduced by the mnultipl erer/iB0@2/0e3970e t he
only significant additional delay introduced by the fault mtigation
mappi ng nodul e 502. In other enbodi nents, however, the mapping may be

achi eved via one or nore |ogic gates. Such other enbodi nents nay be
utilized, for exanple, when additional delay can be tolerated. In an

enbodi ment of the invention, the mapping may be achieved by a pernutation
network such as, for exanple, a Benes pernutation network. [92] FIG 5B
depi ctweitla & fasenhighaprsupphyg valtagaf agdirthbl metlawhilow sergadvioy zvmppand lowndul e.
Referring to FIG 5B, the configurable fault mtigation mappi ng nodul e 540
conpr iseestivipaone beise sspplizd olith degqend, lqwrisupb] vlolge. a nul ti pl exer 548, a
control signal 552, and sixty-four configuration elenents

5461) {64968, 8. AlG h®Aglepidtx i -dxeutplagnfauunhtidationaehapping snadwe UtRfemtrek foor
illustration, the invention is not so limted. [93] Each of the

conf i JUadothefanemitg@inannapping, modely XBraamprsesfipputdiagspQd[7 80, owpst
t i st or, t i st CMOS _t r.ansmi. ssi t f .
e g s A R B e R o

bet weqy ;g Baihetlh?e%%%ﬂ[?'er:pi gfa&?@néi @gﬁﬁ%{d fgigtrlllgllﬁ{éfs‘ ’Sﬁ?)gﬁ@f&s sHowit B8ty HPégébEe

one-ti ne <configurable, i gur abl a a progranmn

st ati gn, waied/tae cautranbieahl 51T tnloic@il adhledires 304 7:0Y ne3nbe elappedndhise finem a
processor such as the U 104) during operation of a device (e.g., receiver
150) i OWhOE Is ashshomodboglewsiazablesi.des. [94] I n operation, the nodul e 542
may performa first mappi ng when the signal 552

Table 3
504[0] 510[0]
504[1] 510[1]
504[2] 510[2]
504[3] 510[3]
504[4] 510[4]
504[5] 510[5]
504[6] 510[6]
504[7] 510[7]

Table 4
504[0] 510[7]
504[1] 510[6]
504[2] 510[5]
504[3] 510[4]
504[4] 510[3]
504[5] 510[2]
504[6] 510[1]
504[7] 510[0]
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is logic 0 and may perform a second mappi ng when the signal 552 is logic 1.
[95] I n an exenplary enbodi nent where the nodule 542 is one-tine

pr ogr ammalbepidisg22second nmappi ng nmay be det er m ned uponPpcharsaci2zeeiozi ng a
particular menory that is to be utilized with the nodul e 542. For exanple,
the nodule may be paired with a nmenory 152 that has a faulty bit line [6]
such that cell [6] of each row of WD 2012/ 158223PCT/ US2012/ 023977 the
menory 152 is faulty. The nodul e 542 nay be progranmed such that bit line
[6] of the nenory 152 is mapped to the one of the lines 544[7:0] that
corresponds to the least significant bit of the data bl ocks that are
wittgdotlo t h€hedamlk ynitigadtivn andppengododide Hepidted gn FIGI. t5A Qthiefed defelaha

bl ock 404). [96] In an exenplary enbodi ment the nodul e 542 nay be

conf i guaEdngnm vaa gerordeinng yof pignahdimgs.y - Ihghisnswnnger detayoinjroduerd by, thend/ or
per - menor.y-arr basi s, Fpr exanple,. the nfiguration el ements 542 be
D1 acedmiHPIET (0% Magohy GGy one SRR AT R E ot ey i G

first pddbass Iﬁ\j\épgu;ﬂgﬁrﬂ@dfﬁé >50é521na5'ﬁllef@¥f1b%9irﬂél?t§?ﬂ0€g@%} %éﬁ&gﬁlﬂlgsrsnagfbet he

configuration iting or reading froma second nefory a

menor ichfeded i AneFbSHore @RIt garboVSEEHekIRi éxibo@smnts nedy B8 exERal a6y

i npl enentation of the receiver 150. The sinulation results presented in

FI GS. eganple, 7vhwar addbonalrdedayisambe tolefasedvl In s zedbodmentyoictbe lisvertion, theni nal
supply vol.tage Vnem . [98] FIG 6. shows the inpact of Ns AF = 400

st uck-TBAPHIBY T3y E@Aﬁ?hl{gﬁe‘i R RSP REV . Pthe b o RIS RIS 1 RERBY y

152 o i erformance of an exenplary inplenentation of receiver
150 W’i‘z{ehrﬁﬁ%a?@)gﬁ%'tgr&pgr Correction (FEC) as neasured by the Bit Error Rate

(BER) . r th i mul ation shown in FIG 6, the de-interleaver, nmenory,K 152
st or e§0§ t sﬁk@ﬁ ACES RS YARE: Camﬂs%%&-capﬁgambé% P BEYYE Mapping

distri (- rd.. as . X

Faul ¢ SRS PRACFRARES 11, SR oo Rl F TR i f S PihE oA RREQ oy
to theoh@Hses iMmf 1R FAAETD] "Quthut Hﬁé’ﬁfﬁ(ﬂql(}és a MR RipldXek 348C g Gohttol Signal
remai ni ng synbol data and in each case the BER due to the faulty bit was
recor de@, f and a sixtyx-douSNesifg atidh anktnantAdAd6| ye4t.t e Ghheaglan siay-deur
(AWEGN) channel wiith O FEC decoding iterations, The sinulation was repeated
for ezenfigerationplementgare piilizediaraHustatigny thipiyentipn oy nasisedknied-Faul t s

(SAF) typically account for nore than 50% of nmenory array faults and

t her ef(092] SAFEaan obehaisenfigsrasiohialsments deto, appt@xi may icomprseafdraeianyplaenor y

an NMOS transistor, a PMOS transistor, a CMOS transmission gate, a fuse, an anti-fuse,
or any other device for making and/or breaking a connection between signal traces. The
configuration elements 546,,-546gs may be one-time configurable, electronically
configurable via a programming station, and/or dynamically configurable (e.g., by
control signals from a processor such as the CPU 104) during operation of a device (e.g.,

receiver 150) in which the module 542 resides.

[094] In operation, the module 542 may perform a first mapping when the signal 552

is logic 0 and may perform a second mapping when the signal 552 is logic 1.

[095] In an exemplary embodiment where the module 542 is one-time
programmable, the second mapping may be determined upon characterizing a particular
memory that is to be utilized with the module 542. For example, the module may be

paired with a memory 152 that has a faulty bit line [6] such that cell [6] of each row of
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WO 2012/ 158223PCT/ US2012/ 023977 array. For the simulation, a |arger than
expected nunber of NsAF=400 stuck-at-faults was selected to account for

ot her typwe 20f2/s8aBts not nodel ed in the sinulation andPCo/uses2/023ve7 syst em
under high fault conditions. For the simulation, by setting a sensitivity
threshold to 1.6x10-4 BER, or 7% above the fault-free reference, the high
sensitivity (MSB) region contains all faulty bits with BER greater than the
1. 6x10-4 threshold. Simlarly, for the simulation, the LSB region (i.e. |ow
sensitivity zone) of the sane size contains all faulty bits with BER | ess
than the 1.6x10-4 threshold. In the simulation, if a nmenory fault is found
i n thehd/BBni@y 2 anduhy. fldel medaleeS420mag benprohearh®Bdrsagh elat Bihkne [6] of
permut ation of the MSB and LSB regions results in ASNR gain inprovenent
conpartedl memerynbt/isninapped to Hipapine of diobney 4N, thaheorrespsinds fto thspleast

cor e SEBHeRTAnP bSO oS AL A “ERAHEALE SB1TBDN! ShebaligTOIE A s of
the i Q%%Q]tﬂlfe)wlmxhé HRtraQ)‘{Gc@l@t)em per formance even w thout the use of

addi ti or correctron. [0101]FIG 7 shows a fault sensitivity
fficjient f I F Ti -Lnterl (FTDI

S5 BPRE <! B SRS e B S5 SRR KT e ERRY

f j . ' -1

T R R e e e

dat a $ortedasnpié otlRdconTig@ABOY eldMbnts 12 hawy! be SRt intd tay fieqeddnfipugaionC was

determ ned by taking the difference between the solid and dashed lines in
FI G 6yheandritingnonoeadeng mangotyh&rodi afferseaddrase of . thdmaemosry 16Reandamay be

sensitivity coefficient of a particular nmenory ce|l correspond to the
di f f ebdfed imo 2 §9%9"éﬂ1¢9@trlg‘é‘iaglﬁﬁc@ﬁﬁ%t‘?’¥18n% ec?% .re,adﬂtga%uea tS6CRMAMGRRADY v

cel l i f t ared to that nenory cell being functional. The
si mul g’?fige%srog?{lﬁ%se s%i\c/ivg?hat the data bits that are closest to the MSB have

W AT IRV MR R
f [ d 1 PCT/ 7 L eV f aul
2onecyils L5h, ALl SORGL BER AT T R S e

MEB r @i frmiiaSizkavhdfoAnek1ishQith ABnlif Sl QpplpvdRdbet videae. [0102]FIG 8 is a
bl ock diagramillustrating datastream dependent” control of a nmenory fault

Mspedd V8 moblires sBBRNIN: Bupbn ot 40 ShEh el AN L Bk T stermor
cel I's 8RR De-Interleaver (FTDI) memory 152 on the decoding performance of an exemplary
implementation of receiver 150 with Forward Error Correction (FEC) as measured by the
Bit Error Rate (BER). For the simulation shown in FIG. 6, the de-interleaver memory 152
stores soft symbol data. Ngarp = 400 stuck-at-faults were uniformly distributed and
mapped to each bit in a memory word, as follows: Ngar faults were first introduced in the
MSB of the symbol data and the BER due to the faults was recorded; next, Ngap faults
were introduced in the remaining symbol data and in each case the BER due to the faulty
bit was recorded for a fixed SNR=18.5 dB and an Additive White Gaussian Noise
(AWGN) channel with O FEC decoding iterations. The simulation was repeated for each

cell in the de-interleaver memory word.

[099] Stuck-at-Faults (SAF) typically account for more than 50% of memory array

faults and therefore SAF can be used as a first order approximation to a faulty memory
28



[ 0103] The i nspection nodul e 802 may be operable to control the fault
mtigation nodul e 804 based on an inspection of the datastream 801 being
witten twothe/seamwry 806. The data i nspection nodul e 8@2Tnmgoiconiorpl t he
state of the signal 803 based on the type of data being output by the
nodul e 802. For exanple, the signal 803 may be synchroni zed to the data
out put by the nodule 802 and may indicate, for exanple, the type of data
bei ng output, and/or the sensitivity coefficient(s) of the data being
output. [0104] The fault mtigation nodule 804 may utilize the state of the
control signal 803 to determ ne which mapping to utilize for the

cor r espydiHuy thatanwhtibhen tagasthaearp&idd niihdef afiNg,E400gaticloat-fimdisl vea804
may utilize the state of the control signal 803 in conbination with a fault

r egi stselectstd tonscapiiploy g, types obfaults nad reedaled i (heesipudatigihand o tase the

i ti wh it ket i dat tr. 801 .t t he ner 806, .th

bt o kSR R b ha® BRGNS FEF thd SRR T She soansn gy hpspotd ' "
at . | . X |

st a e 1o, 1004 BE] GO7RR0TOAG ALY LKA, BRARDH SA3HEVRSIIgHLRNG | 1O

header bits. In such an enbodi nent, t t" mtigation no

utili z@ntifd aﬁtfamajarbﬁt@gmlfne}ERE%ﬁeﬁﬂmmmef BBk1§-4ciréshold) SiRdlaly, dyr the
corresponding to the nenory address being witten to and/ or payload bits

are bfungkmbhtﬂEmLSBnﬁﬁmeﬁ@tkhwzenaﬁsﬁﬁapaehabﬂmg@nwh@mephe?gni@lﬁndgor

e e SHSebtSER dsaraitag 16 Lokl 63 HEROIE (Bte W TR, S8 nemED NG <
i _ e . .

i 11 388 T RS TRibhRY 8 RS BB SEER LISkl e SRaPURhER SR

nenor ythe AMSBWh R 157 16810A3 RedulkSAY WNNR3EAA #NRGREMene cBirfpal®RY tden&fibry N

the fault register when the second mapping is utilized and/or a bit may be
def i nedithouttréainenory address to which the second nmappi ng was appl i ed.
[0106] In an exenplary enbodi nent of the invention, there may be a

one-t goPN® COANBSRSMIRRCECBRINEED datided YRR tOLf the iHémRIT aaofiibinaish
states of the control signal 803. The control signal 803 may, for exanple,

cont r o¥ith Herwamidt ehrongoeteetient tecliifués éee.F1\GterbB)ankdaRedd-Goldmoh hencodie) of
data being witten. [0107]FIG 9 is a flowhart illustrating exenplary
st eps apectyfeei HIVEgLian sl ynRieVe agstem perfaimance venamtitherhdhe usehaf

exenpl ary. steps may start with step 902 in which a routine for calibrating
V. suﬁgfl?{g)dla‘fgﬂgrﬁ%lﬁ%ﬁﬂn‘me calibration routine may occur, for exanple,

durin f(_r)OdUCti on_testing of the menory and/or during a self-test perfornmed

at powdtObn oFlGesshows a_tfwltr@méifwitym%ﬁﬁi@gt Hofi ¥y cxeraplaay iseaansy Tisir i ne,
e VLA eheToH 1) B, 89,05 o MRSl "Iy ghta' B
(5 Lurs3IRIRY, RIAEAIDI N, KR R aiaRy Pk BDSlral e Iy and
memory based on the BER plot in FIG. 6. In the simulation, the FTDI memory columns
store data symbols stored in memory rows. The fault sensitivity coefficient { was
determined by taking the difference between the solid and dashed lines in FIG. 6, and
then normalizing the difference to 1. That is, the fault sensitivity coefficient of a
particular memory cell may correspond to the difference in a system performance metric
(e.g., BER) due to that memory cell being faulty as compared to that memory cell being
functional. The simulation results show that the data bits that are closest to the MSB

have a higher fault sensitivity coefficient compared to bits that are closest to the LSB. As

a result of permutation of MSB and LSB regions, utilizing aspects of the invention
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[0108] In step 904, | may be increnented by 1. In step 906 if j is equal to
J+1 (i.e. the | owest possible value of V. was tested during the previous

i terati oowofidEsrsenpl ary steps 902-918), then the exemplrarsgoieds’ mnay
advance to step 918. Returning to step 906, if j is greater than or equal
to J+1, then the exenplary steps may advance to step 908. In step 908, V.
may be set to V. [0109]In step 910, test data may be witten to the nenory.
In step 912, the test data may be read fromthe nenory and i nspected for
errors. In sone instances, it may be assuned that, under the controlled
conditions of the calibration routine, each of the errors in the data read
f r om tabRievesrdreyfaattesehbieivitgeuthibited by fheul$B regionrfgr M48B redOn data, whenever
2012/ 158223PCT/ US2012/ 023977 [0110]In step 914, it may be determ ned

whet héhe MheB iiegipe hag haylesrandobatlidh region dufanfi-teerory cells in the nenory is
tol erabl e. The nunber and/or location of faulty nenory cells that can be

t ol er 4002 JmayFHep@&nis anbldakr déaganipl éludtheinky datastredatdepthddntweddtrdleobtor ed
to the menory, and/or the size of the fault register (i.e., the nunber of
avai | ap¢raorsa ppilh gytigatipo madvde.nuhosyn 8 Fior Syis adevice 3%Y comphsieigeh detd |

350 of. the .fault regjste | n. an. exenpl ary. enbodi ment of the inyepgtjon,
the qdpsperg® Buod i Sltomdighlio FECHR e RS Aok of Mtk LT SPult y
menory cells is above a threshold. In another enbodi nent of the invention,

t he dd0&0Flay bhe iinsppetipadnpdulged@? maje bahepdiablet thecontrletheofaudtr maggation t he
menory havi re.than a threshol.d nunber of ulty nenory cells is above
e e SusiBife ¥ Bt ot Snshtant ¢ RSeRvetT bhihel Rotat S hagneol

i nspe d ] LN i
er'ror SUn Tifh 4 FAPEBioN RRAAR sOR Bt Bhe SRk i sPF Bl MY
faul t yype @Brdats delise dugput Bt Infodd1BE0XL heFoexanmphFe Y tik! SipaalMBP3r @hyirte t o
step 904. If the detected errors are not tolerable, then the exenplary

st eps syaghradizadde the datepugis.by Okldjpdnles8@) add 6nay indiagtebéorsexarmpleyihd |

and the fault register of the nory.may be _programred based on the results
of théyp%gﬂ%taibswao@ﬂtp% #Bé/qfﬁﬂéf’%l@‘m cagiBF1eng(s) %%@M RN MPYthe faul t

regi ster may be configured to indicate the presence and/or |ocation of the
f aul t fOh@hor yThelfidt mitipation seiduieo804 may wmlizt e ®it8 of tthe coatrobsighalo3Df V.
is conplete and the system may hegin reading and wijting actual dat

fr om t9 deEmMiReHych pimppie fo,Uhze fanihe copresppisingeiata of thendatasyesam %Qh-,

I ti |, £ | f Vi f d ' to. iRl € dat
ot b 0 R  bats, FBY DSPRILY R SGOLRSBROEAR el R’ gy ot @
sensi topididatkehith Bl eiskOrR HRnRiry\goesui tabl e for different data
types may be stored (e.g.,; in a look-up“table), and then V. may be

S RO OSSR G, 2P R SRy B

sensi ida¥istiéadO8®t to the memory 806, the data inspection module 802 may put the control
signal 803 into a first state when outputting payload bits and into a second state when
outputting header bits. In such an embodiment, the fault mitigation module 804 may
utilize a first mapping when there are no faulty cells in the array corresponding to the
memory address being written to and/or payload bits are being written, and may utilize a
second mapping when there is one or more faulty cells in the array corresponding to the
memory address being written to and header bits are being written. When the second
mapping is utilized, the fault mitigation module may keep track of which addresses

utilized the second mapping to enable correctly reading the data out of memory. For
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WD 2012/ 158223PCT/ US2012/ 023977 [0113]FIG 10 is a flowhart illustrating
exenpl ary steps for sizing nenory cells of a fault-tolerant nmenory. The
exenpl ar ywetersisery start with step 1002 in which a sizipog/useuRiozs®7begi ns.
The sizing routine may occur, for exanple, during a design phase of a
menory. Upon beginning the sizing routine, a variable s may be initialized
to O, where s is used as a size index. For exanple, cell size nay be
denoted "size," with sizei being the snmallest possible cell size, and the
cell size increasing as s increases. [0114]In step 1004, j may be
increnented by 1. In step 1006, the cell size may be set to size, and the
nunberexamplera biocailyi lenseafin flkeifdutt egliidter whei e seeond ynaping & e@lizedsamiorof
size, may be sinul ated and/ or otherw se calculated. In step 1010, it may be
det er rii ibeayther dedneda themsarorarigiderssite adticly theofecpad mappiegrwiay applied
determned in step 1008 is tol erable. The nunmber and/or |ocation of faulty
menor YOt@b]l s Irhah eampblaryt ehtvoali®dntrey tiep@ndntion, there exaymbeea dreetotynre of
data that will be stored to the nmenory, and/or the size of the fault

r egi stc.@rreépomienw hetwrearbdata dypesvadi uhaﬁflaéasmpm 8@1s anchavagas afée wontetl sighal

ted 350 of, the f t | f nb
o " 1 208 e Spgteliigal 8 g, dpeparele ermich e edlbSrl gy ST
retur gy @SEP%QS&PQn to g{/aﬁggo?gg%%e&%yfgw ty memory is tolerable, then the

eanpIary S eps nayla A » "'n step 1012, size, may be ]

. 1014
<t 21 ndotafk i nefG <Saspirbiutiy bﬂ@fr%rleéoeﬁﬁr&aw PRpnanedeierholer B gl "
exenpl Ry gtoe}pg{% Et&i@f rPnE'l'nB a FpRkY é%{r&as@?%s B}agpgt%{()%uhoétgﬁ afp [ermory

in a recerver e exenp ary s eps may g7

cal i byttt utihd €or SAliREENY . Vﬁ%@ﬁbpﬁ@ﬂ t® aanémoBY. Y The X aliBgitidn rblfne may
cali bration routine may occur or exanpl e, during production testing of
the mecouy fandkemplurdurgng psedictivestespeg fotﬁrthednamogomdlomrdwmg es@lf t@fst t he
menory. Upon begi nni ng t he cal ration rouﬁil) t.he vari abllg

i ni ti EFPERCH At POWFHLNEOT reset ? C MaBRTLf WP é@g%ﬂmﬁo‘%@lo&i W‘é%nu@éltlé‘%

For 1SR ety o BB o893 Sk 1055 lar o5 of PBhie Yo e

hi ghesy val pgr gkar{pRN th@RdmYy bRej PasdibR {Iaﬁ‘ﬂ@ssbf WDSS' (*é' % YRkt it l\'%l%fﬂ
[0116] ' step 1104, may be incremented by 1. 106 if | is equal to

J+1 (italde) with V, being the highest value of V., and V; belng the lowest possible value of
Vmem-

[0108] In step 904, j may be incremented by 1. In step 906 if j is equal to J+1 (i.e. the
lowest possible value of V., was tested during the previous iteration of the exemplary
steps 902-918), then the exemplary steps may advance to step 918. Returning to step
906, if j is greater than or equal to J+1, then the exemplary steps may advance to step

908. In step 908, V. may be set to V;.

[0109] In step 910, test data may be written to the memory. In step 912, the test data
may be read from the memory and inspected for errors. In some instances, it may be
assumed that, under the controlled conditions of the calibration routine, each of the errors

in the data read from the memory are the result of a faulty memory cell.
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the | owest possible value of V. was tested during the previous iteration of
the exenplary steps 1102-1126) then the exenplary steps nay advance to step
1124. Retwornrgssn23step 1106, if j is greater than or equalusc@2d23b77t hen
the exenplary steps may advance to step 1108. In step 1108, V. nay be set
to V. [0117]In step 1110, a test signal may be input to the receiver. The
test signal may, for exanple, be generated by a test station, and/or may be
generated by a transmtter collocated with the receiver and | ooped-back
into the receiver. The test signal may, for exanple, represent a corner
case or worst-case scenario such that successful recovery of the data

cont ai[@etD]i n Irhsep €34, Ringayabe daterinéneal watihabtle nndberdml/ot lahtidhef fadei ver
will be able to successfully receive signals that it is required to receive
(e. g. myngrardly Hathe raemorypsciolgrablei ohlse Bembepapdyor foagtienci fggity memory

t d ] 0118] I t 1112 t t t i | b iqgiti d

ot s 3t LR b ol St g P dis b For it HIE: e et Fydeharr it osed 4
ot her RS RS v S _ _

e ot G AR Cthd B eSifl O kA8 6H: PR (YRR Rl Me thilfpines |

r ecovendbradat shuilberbst irhyd eiottdd evitesmity cell 356t@Ptht1fhdlt debBiatat dnry be
read out of the nmenory. In step 1120, one or nore error correction

al gor iexhmplaryg.egnhodiinest bf thenidvReizeh, Sbé datninayrdy ibepespasl icedeteningevhesher out
dat a. te that, alfhough the exenplary steps reflect a single read an
Wi tetﬁ%t wipbey ﬁ‘épad'i mory ﬁaﬁgbﬁe@{%%, rgshald. g%@@&ﬁ%&ﬁ”&ﬁ@f:@ro t her

P 0 eSL 1efljoh e Hal By TRV inARICHE | oL ALy AL ALS SRR A TR €O

nmenory. h step rmance netric -error rate) nmy

be meagined; ki endrer HanCar Mhe&dhoid dafmbands %{énﬁrﬁ@nk@ acdIiRr gshBbde d f
the perforrmance metric i s bel ow WO 2012/ 158223PCT/ US20127 023977 a

t hr eshbiedholidherdnt ieothzie mpitadymshepd they imvention, tlee staep mMdaypade fhdspebed to
performance netric is above the threshold, then the exenplary steps .nmay
advanéétargiiag eghathon the onpobem of  pays1 oy the, mgRPryehasang tgrass In mtipiesp
1126, steHs%tigl% 'zlcj){lgst isoeﬂ)oc{;e 2}/ threshold. If the detected faulty memory cells are tolerable,
then the exemplary steps may return to step 904. If the detected errors are not tolerable,

then the exemplary steps may advance to step 916.

[O111]  In step 916, Vyem may be set to Vj.;, and the fault register of the memory may
be programmed based on the results of the inspection performed in step 912. That is, the
contents of the fault register may be configured to indicate the presence and/or location of
the faulty memory cells with V., set to Vi;. In step 918, the calibration of Vn is

complete and the system may begin reading and writing actual data from/to the memory.

[0112] In an exemplary embodiment of the invention, multiple calibrations of Vip,
may be performed corresponding to multiple data types (note that multiple data types
may correspond to multiple sets of sensitivity coefficients). The value of V., suitable
for different data types may be stored (e.g., in a look-up table), and then V., may be
dynamically configured based on the type of data to be stored in the memory via a

voltage scaling unit (e.g., scaler 116 of FIG. 1A) for a given sensitivity zone.
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conpl ete and the system may begin reading and witing actual data fronfto
the nmenory. [0121] In an exenplary enbodi nent of the invention, an array of
menory ceWb0B348233341\4, N may be scanned to detect fawrcrysewnoe3p7tel |l s,

if any, in the array. A supply voltage V. applied to the array of nmenory
cells may be controlled based on a result of the scan, and based a
sensitivity coefficient of one or nore of the nmenory cells. The sensitivity
coefficient may indicate an inpact that the one or nore of cells being
faulty may have on performance of a device (e.g., the receiver 150) which
reads and wites data to the nenory array. The sensitivity coefficient may
be det[6t B]nedFly. thixpaflonghaa iPestf aingesxeeplety stepofortsiving Inearhoneadlsdsvi ce
wi t hout the one or nore of the nenory cells being faulty, and the

per f ofAlfrd@lerast memery. t hle exeaplayi dCrfeiay St tHi HepdWiD2on which dsizinge
menory cells being.faulty. ntrolling t supply vpltage may c ri se
eauc A Bedsp 1o it uine, ek hut8s SHamte. i RitrEos derika: WERe T that
nore f el | . t t I of 1:

Con r el REBL ek flride AR MEMeOUERE PPuidbil Mindl DEI ol ZEIRY, SRS age
when tifigsddessid tizefinddie Borakanijle callleszé il HehdndwtdelizQt wWitidiky, Fai®he
cells in the array of nenory cells is nore than can be tolerated. [0122] In
an exenplllesypesibdecetbnizeoind the debvere ingreasing aw s mgrasisesrenory cel | s

3341, 1-334m N may be scanned to detect faulty nmenory cells, if any, in the
array.[0Ti4] comni &B8p 9004, pmbaWelinERUMEHET by &. dn, stéRUO0G,tRgIcell 8Ize3M4y bemyt be
configured based on a result of the scanning. Test data may be to the array
of t héo sepand dké¢ nsmbEha@ndfogdocationadf Eltyi ¢adlsah thaenemety dathaa acl s off en
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cells may be controll ed based on a neasured performance netric of the test
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reset of the array of menmory cells. [0123] In an exenplary enbodi nent of

t he i mzgamaynbe oelected asghe cellrsdzg wathmahichotepbuikb thenmgmagy. dn stembPlA e | s

3341, 1-334m N. A size.of one or nore transistors (e.g., one or nore of

t r ansiS&BE SOWME 848NNt he menory cells may be correlated with (i.e.

depend on and/or have a relationship to) one or nore sensitivity
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to) the size of the one or nore transistors. Additionally or alternatively,
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The onile slibrgHian gpytang.ithe vanpbledanay hebitigliasd o Oawhere jistthe prdexcindiissi ng

a plurglity.of data lLines. Jhe arr f mor ells. [r ond to a
par t el TS g bes FsENEE Mool ¥e I PasFiiarnls of Frr feidres.
The plurality of data lines and the plurality of bit lines my be used to
wite to and/or read fromthe array of nmenory cells. The nultiplexer may
sel ect anong different mappings betwe ? the plurality of data lines WD
2012/ 158223PCT/ US2012/ 023977 and t he g urality of bit lines. A
configuration of the nultiplexer may be controlled based, at least in part,
on which, if any, of the nenory cells is faulty. [0124] O her enbodi nents of
the invention may provide a non-transitory nachine-




readabl e (e.g., conputer-readable) medi um and/ or storage medi um having
stored thereon, a machi ne code and/or a conputer program having at | east
one code weabiawmnsriecut abl e by a machi ne and/ or a conputPemr/ustéienedyy7 causi ng
t he machi ne and/or conputer to performthe steps as described herein for
menory power and/or area reduction. [0125] Accordingly, the present

i nvention may be realized in hardware, software, or a conbi nation of

har dwar e and software. The present invention may be realized in a
centralized fashion in at |east one conputing system or in a distributed
fashion where different elenments are spread across several interconnected
conputstargd $iy atiests-upAatylekimitth B beimgnhe highesysileeodV of had \Vadraigthesloadapt ed
for carrying out the nmethods described herein is suited. A typical

conbi estible vHudaf ¥wane and software may be a general - purpose conputing
systemw th a program or other code that, when being | oaded and execut ed,
contr g0sl16]he hospptlilog, syt sieedmeitad biyt1.chi kieps] 106tif tj hieequdlhods 1 (i.e.
descri bed herein. Another typical inplenentation may conprise an
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means a@dMn@x@ressi 008. [Mstdpy 108NYyagmaydedet @ Vhotation, of a set of
instructions intended to cause a system having an information processing
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2012/ 158223PCT/ US2012/ 023977 [0127] Wil e the present invention has been

descr icodcated hwitle tler mcever anddpopédibacibodo rtheitreceivar. Wihd tdse signdbnstyodor by
those skilled in the art that various changes, may b%émade and equi val ents
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present invention ndt be linmted to the particul ar enbodi nent discl osed,
but t Bpeciticatigmese fidrth v en¢ bomone ktandadsude al | enbodi nents falling within
t he scope of the appended clains. WD 2012/ 158223PCT/ US2012/ 023977

[0118] In step 1112 the test signal may be digitized and otherwise processed by an
analog front end (e.g., AFE 102). In step 1114, the data contained in the digitized signal
may be recovered by, for example, demodulating and decoding the digitized signal. In
step 1116, the recovered data may be written to the memory. In step 1118, the data may
be read out of the memory. In step 1120, one or more error correction algorithms (e.g.,
Viterbi and Reed-Solomon) may be applied to the read-out data. Note that, although the
exemplary steps reflect a single read and write to memory, the demodulating, decoding,
error-correcting, and/or other processing of the signal may actually require multiple reads

and writes to memory.

[0119] In step 1122, a performance metric (€.g., bit-error rate) may be measured for

the error-corrected data and compared to a threshold. If the performance metric is below

34



CLAI M5 What is clained is: 1. A nethod conprising: in an electronic
devi ce conprising an array of nenory cells: scanning said array of
menory cewbotmissesect faulty menory cells, if any, in ardsareayef nmenory
cells; controlling a supply voltage applied to said array of nenory
cells based on a result of said scanning and based on a sensitivity
coefficient of one or nore of said array of nenory cells. 2. The

met hod of claim 1, wherein said sensitivity coefficient indicates an inpact
that said one or nore of said array of menory cells being faulty has on
performance of said electronic device. 3. The method of claiml,

wher eiarthmihdlds ehi thevixeynploef fteed sy regirded stepi hidd,. Htthe pagformangeametridy
conpar.i ng erformance nmetric of said electronic device w thout said
one ofs ﬁm\@ e tb@sgolds thep the exemplayy stpsIntepdpncade sigp kg sai d
performance netric of said electronic device with said one or nore of said
ar r ay [0120emohystepl11124b¥ipg niaubd yet to V. In step 1126, the calibration of Ven is

complete and the system may begin reading and writing actual data from/to the memory.

[0121] In an exemplary embodiment of the invention, an array of memory cells
334, ,-334yn may be scanned to detect faulty memory cells, if any, in the array. A
supply voltage V .n applied to the array of memory cells may be controlled based on a
result of the scan, and based a sensitivity coefficient of one or more of the memory cells.
The sensitivity coefficient may indicate an impact that the one or more of cells being
faulty may have on performance of a device (e.g., the receiver 150) which reads and
writes data to the memory array. The sensitivity coefficient may be determined by
comparing: a performance metric of the electronic device without the one or more of the
memory cells being faulty, and the performance metric of the electronic device with the
one or more of the memory cells being faulty. Controlling the supply voltage may
comprise reducing the supply voltage V., when the result of the scan indicates that
more faulty memory cells can be tolerated in the array of memory cells. Controlling the
supply voltage may comprises increasing the supply voltage when the result of the scan
indicates that the number of faulty memory cells in the array of memory cells is more

than can be tolerated.

[0122] In an exemplary embodiment of the invention, an array of memory cells
334, ,-334\n may be scanned to detect faulty memory cells, if any, in the array. The
contents of a fault register (e.g., fault register 304) may be configured based on a result of
the scanning. Test data may be to the array of the memory cells. The order in which bits
of the test data are written to the array of memory cells may be determined by the
contents of the fault register. The test data may then be read from the array of memory
cells. The order in which bits of the test data are read from the array of memory cells
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4. The nmethod of claim 1, wherein said controlling said supply voltage
conpri ses reducing said supply voltage when said result of said scanning

i ndi cat eswohat2/1sen2¢ faulty nenory cells can be tol erat e#Crruss@izad2zrr ay of
menory cells. 5. The method of claim1, wherein said controlling said
supply vol tage conprises increasing said supply voltage when said result of
said scanning indicates that 39 WD 2012/ 158223PCT/ US2012/ 023977 t he nunber
of faulty nenory cells in said array of nmenory cells is nore than can be

t ol er at ed. 6. A system conpri sing: one or nmore circuits for use
in an el ectronic device, said one or nore circuits conprising an array of
menor yn@yebd de@nairteel ngthepminabiteof e faultlregster. A supgganltage ¥ ar applied to
menory cells to detect faulty nenory cells, if any, in said array of nenory
cel | s;the array ©f rmrnoryaceslbplmy%momér@ ed hasedan aomeaiuged peHoIIBANGRMEHC @kl | s
based

based 002y (531kta Slogi HuumoRnn og,20d baned 2 RENGHA] Vhitpd 98l i Shsate ©
reducing the supply voltage when the result of the scanning indicates that more faulty
memory cells can be tolerated in the array of memory cells. The controlling of the supply
voltage may comprise increasing the supply voltage when the result of the scanning
indicates that the number of faulty memory cells in the array of memory cells is more
than can be tolerated. The performance metric may, for example, be bit-error rate and/or

packet-error rate. The scanning may be performed upon start-up or reset of the array of

memory cells.

[0123] In an exemplary embodiment of the invention, one or more circuits may
comprise an array of memory cells 334, ;-334yn. A size of one or more transistors (e.g.,
one or more of transistors 341-346) of the memory cells may be correlated with (i.e.
depend on and/or have a relationship to) one or more sensitivity coefficients of the array
of memory cells. Additionally or alternatively, the size of the one or more transistors of
the memory cells may be correlated (i.e. depend on and/or have a relationship to) a
number of faulty memory cells that can be tolerated in the array of memory cells. The
one or more circuits may comprise a fault register. The size of the fault register may be
correlated with (i.e. depend on and/or have a relationship to) the size of the one or more
transistors. Additionally or alternatively, and the size of the one or more transistors may
be correlated with (i.e. depend on and/or have a relationship to) the size of the fault
register. The one or more circuits comprise a multiplexer, and a data bus comprising a
plurality of data lines. The array of memory cells may correspond to a particular memory
address and may be coupled to a plurality of bit lines. The plurality of data lines and the
plurality of bit lines may be used to write to and/or read from the array of memory cells.

The multiplexer may select among different mappings between the plurality of data lines
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7. The systemof claim®6, wherein said sensitivity coefficient indicates an
| npact that said one or nore of said array of nmenory cells being faulty has
on perforwenor/B8223ai d el ectroni ¢ devi ce. 8. The egItuspoiaf23rai m 6
wherein said sensitivity coefficient is determned, at |least in part, by
conpari ng: a performance netric of said electronic device without said
one or nore of said array of nenory cells being faulty; and sai d
performance netric of said electronic device with said one or nore of said
array of menory cells being faulty. 9. The system of claim6 wherein
said one or nore circuits are operable to control said supply voltage by,
at | eastl thephankity efffsit ihen gAt@nfuuaeosel theanpipipyexed niagee vdwerolial bhsedsul t
of said scanning indicates that nore faulty menory cells can be tol erated
i n saiagleast mpast, anevbiol, Heanys of thagnmempry celboBIpdty US2012/ 023977 10.
The system of claim®6, wherein said one or nore circuits are operable to
contr 0134 d Sl ombedinages by thatinv@aiin hayppifolvide peta@t-tragsitoryi macldase
sai d supply voltage when said result of said scanning indicates that the
nunbereatablauiety, raompyieiceadgblen Bgidihnar aad/onbf staeagsr ynasbiims havingr gotashn
can be tolerated.,. 11. A net hod conPri Si ng: scanni ng n array of
mermor yNUEPY S 1BacHRG Sodp NG FeaBrRpEe Prasray Hayipe atfeesli eneareds sEHtaRnor y
cel | Siexecutable by a machine and/or a computer, thereby causing the machine and/or
computer to perform the steps as described herein for memory power and/or area

reduction.

[0125]  Accordingly, the present invention may be realized in hardware, software, or a
combination of hardware and software. The present invention may be realized in a
centralized fashion in at least one computing system, or in a distributed fashion where
different elements are spread across several interconnected computing systems. Any kind
of computing system or other apparatus adapted for carrying out the methods described
herein is suited. A typical combination of hardware and software may be a general-
purpose computing system with a program or other code that, when being loaded and
executed, controls the computing system such that it carries out the methods described
herein. Another typical implementation may comprise an Application Specific Integrated

Circuit (ASIC) or a System-on-Chip (SoC).

[0126]  The present invention may also be embedded in a computer program product,
which comprises all the features enabling the implementation of the methods described
herein, and which when loaded in a computer system is able to carry out these methods.
Computer program in the present context means any expression, in any language, code or
notation, of a set of instructions intended to cause a system having an information
processing capability to perform a particular function either directly or after either or both
of the following: a) conversion to another language, code or notation; b) reproduction in
a different material form.
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configuring the contents of a fault register based on a result of said
scanni ng; witing test data to said array of said nenory cells,
wherei n amoanterssiza whi ch bits of said test data are w ipCramls24ie/o0sa@rd array
of menory cells is determ ned by said contents of said fault register;
reading said test data fromsaid array of nmenory cells, wherein an order in
which bits of said test data are read fromsaid array of nenory cells is
determ ned by said contents of said fault register; and controlling a
supply voltage applied to said array of nenory cells based on a neasured
performance netric of said test data read fromsaid array of nenory cells.
12. THeIZEt howhife cheiprestht inkhentom haai beenores@ibedngvignirefesenmel yo wetthage
conpri ses reducing said supply voltage when said result of said scanning

i ndi cgntpdimgntsiitr wilf mnylerﬁé@mi pyctboses skaHad pe the perthaevaniopssehanggs rnazw of

nmenory cell,s cont ro

ar o pBrge et e By Me¥s atvudug P’ GBHTDE APl Sie Shite
resul r9§en§g¢\¢elﬁﬁ,ﬁnnh{19ﬁhﬁ6hcﬁi ﬁf@)ﬂifléa@ﬁnggﬂ%)f'be%aaéﬁ tan%%'sgq;a}zugﬁg sin

said arra nmenor S 18 nore than can ol erate

2012/ %ﬁﬁ@tﬁ?@ﬂ'&lﬁﬁ@ﬁéﬁtfootﬁé%z?chlngs of fife prERéntnByBedbrotvitoat degdrtingtfesi iy sai d

performance netric is one or both of b|t error rate and/ or packet-error
rate. scope. Therefdigeitnetimiedded that sherpriesentvmeceiion sai bie sivatad togthe papieeiflar ned

upon one of. both of start-u nd/or reset .of sgi.d arra lI's.
P em odrlment d1sclosec§ %ut thaﬁ: the present invention w1ﬁ include a borziemen S f%ﬁmg

within the scope of the appended claims.
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16. A system conpri sing: one or nmore circuits conprising an array of
menory cells, wherein one or nore physical dinensions of said nenory cells
are correvetetk/M812R one or nore sensitivity coefficient ecofUssard2zrt ay of
menory cells and based on a nunber of faulty nenory cells that can be
tolerated in said array of nenory cells. 17. The system of claim 16
wher ei n: said one or nore circuits conprise a fault register, and a
size of said fault register is correlated with said one or nore physi cal

di mensi ons of said nmenory cells. 18. The system of claim 16, wherein
said one or nore circuits conprise a fault register, and said one or nore
physi cal di nensions of said nmenory (CleAlldSare based on a size of said fault

regi StWhat is claimed9s: The system of claim 16, wherein: said one or nore
circuits conprise a nultiplexer, and a data bus conprising a plurality of
data |ines;l. A satochcomprisingmenory cells correspond to a particul ar

menory address and are coupled to a plurality of bit I|ines;
in an electronic device comprising an array of immemory cells:

scanning said array of memory cells to detect faulty memory cells, if any,
in said array of memory cells;

controlling a supply voltage applied to said array of memory cells based on
a result of said scanning and based on a sensitivity coefficient of one or more of

said array of memory cells.

2. The method of claim 1, wherein said sensitivity coefficient indicates an
impact that said one or more of said array of memory cells being faulty has on

performance of said electronic device.

3. The method of claim 1, wherein said sensitivity coefficient is determined,
at least in part, by comparing;:
a performance metric of said electronic device without said one or more of
said array of memory cells being faulty; and
said performance metric of said electronic device with said one or more of

said array of memory cells being faulty.

4. The method of claim 1, wherein said controlling said supply voltage
comprises reducing said supply voltage when said result of said scanning indicates that

more faulty memory cells can be tolerated in said array of memory cells.

5. The method of claim 1, wherein said controlling said supply voltage

comprises increasing said supply voltage when said result of said scanning indicates that
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WO 2012/ 158223PCT/ US2012/ 023977 said plurality of data |lines and said
plurality of bit lines are used to wite to and/or read fromsaid array of
menory cewDp122138223 said nmultipl exer selects anong dipCrasent/oa®ppi ngs
between said plurality of data lines and said plurality of bit |ines.

20. The system of claim 19, wherein a configuration of said nultiplexer is
controll ed based, at least in part, on which, if any, of said nenory cells
is faulty.

the number of faulty memory cells in said array of memory cells is more than can be

tolerated.

6. A system comprising:
one or more circuits for use in an electronic device, said one or more circuits
comprising an array of memory cells and being operable to, at least:
scan said array of memory cells to detect faulty memory cells, if any, in
said array of memory cells;
control a supply voltage applied to said array of memory cells based on a
result of said scanning and based a sensitivity coefficient of one or more of said

array of memory cells.

7. The system of claim 6, wherein said sensitivity coefficient indicates an
impact that said one or more of said array of memory cells being faulty has on

performance of said electronic device.

8. The system of claim 6 wherein said sensitivity coefficient is determined, at
least in part, by comparing:
a performance metric of said electronic device without said one or more of
said array of memory cells being faulty; and
said performance metric of said electronic device with said one or more of

said array of memory cells being faulty.

0. The system of claim 6 wherein said one or more circuits are operable to
control said supply voltage by, at least in part, operating to reduce said supply voltage
when said result of said scanning indicates that more faulty memory cells can be tolerated

in said array of memory cells.
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10.  The system of claim 6, wherein said one or more circuits are operable to
control said supply voltage by, at least in part, operating to increase said supply voltage
when said result of said scanning indicates that the number of faulty memory cells in said

array of memory cells is more than can be tolerated.

11. A method comprising:

scanning an array of memory cells to detect faulty memory cells, if any, in said
array of memory cells;

configuring the contents of a fault register based on a result of said scanning;

writing test data to said array of said memory cells, wherein an order in which bits
of said test data are written to said array of memory cells is determined by said contents
of said fault register;

reading said test data from said array of memory cells, wherein an order in which
bits of said test data are read from said array of memory cells is determined by said
contents of said fault register; and

controlling a supply voltage applied to said array of memory cells based on a

measured performance metric of said test data read from said array of memory cells.

12.  The method of claim 11, wherein said controlling said supply voltage
comprises reducing said supply voltage when said result of said scanning indicates that

more faulty memory cells can be tolerated in said array of memory cells.

13.  The method of claim 11, wherein said controlling said supply voltage
comprises increasing said supply voltage when said result of said scanning indicates that
the number of faulty memory cells in said array of memory cells is more than can be

tolerated.
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14.  The method of claim 11, wherein said performance metric is one or both of

bit-error rate and/or packet-error rate.

15. The method of claim 11, wherein said scanning is performed upon one or

both of start-up and/or reset of said array of memory cells.

16. A system comprising:

one or more circuits comprising an array of memory cells, wherein one or more
physical dimensions of said memory cells are correlated with one or more sensitivity
coefficients of said array of memory cells and based on a number of faulty memory cells

that can be tolerated in said array of memory cells.

17.  The system of claim 16, wherein:
said one or more circuits comprise a fault register, and a size of said fault register

is correlated with said one or more physical dimensions of said memory cells.

18.  The system of claim 16, wherein:
said one or more circuits comprise a fault register, and said one or more physical

dimensions of said memory cells are based on a size of said fault register.

19.  The system of claim 16, wherein:

said one or more circuits comprise a multiplexer, and a data bus comprising a
plurality of data lines;

said array of memory cells correspond to a particular memory address and are

coupled to a plurality of bit lines;
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said plurality of data lines and said plurality of bit lines are used to write to and/or
read from said array of memory cells; and
said multiplexer selects among different mappings between said plurality of data

lines and said plurality of bit lines.

20.  The system of claim 19, wherein a configuration of said multiplexer is

controlled based, at least in part, on which, if any, of said memory cells is faulty.
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