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WD 2005/ 034176 PCT/ US2004/ 027918 APPARATUS AND METHCD

FOR SELECTI VELY CONFI GURI NG A MEMORY DEVI CE USI NG A
w®bkeoSDABZE RELAY TECHNI CAL FI ELD 5 The present PCT/US2004/027918

invention is generally directed to sem conduct or

menory devices, and in particular to nenory devices

that may be selectively reconfigured. BACKGROUND OF

THE | NVENTI ON Seni conduct or nenory devi ces constitute
APPARAEYS SMNDMEFHOD BORCHHIEE EFY ¥ CONFIGLRINGRAMEMRY DEVICE

genor a1 1y | ow cost OSG AP RSO PIEREERYS FUne' of
sem conductor nenory device that is particularly

advant ageous i s the dynam c random access nenory
TECHMCAILTEDRAM) , which utilizes a single transistor and

capacitor per .nenpry.cell in.a ry arr .
ot HreprRen e sy ershy i d S RstpRiopBlciormeppey devices, and
i anﬁamrit&ﬁkh%(' 8evicARAR ay W defRBval récBhAfirv®! y hi gh
np density whi evplncr:ovi di n%] thg Io&/egtr cost per bit of any

menory 15 device currently avail able. Menory devices,

such_as r ommonly identified according
BACK%QMB%W@R@I ing capability, generally ‘
referr [ Vs &itialhy £ t +
exanpl g%kgnﬁé&%%%%éﬁﬁﬂ%ggﬁa@g qag‘orsn al %sl%—t OF cornputer sysicms
due toaghprrelstivaly éigh dcddssnspetdsosbtaimalile yand ¢hd genemdlyliowagpabdfsuch devices.
storing. a discrete |agic state, . or Di [

of . t . .
One twpe af sermisPRcioTpmemene AT IRe dbal R erticiar AyesiAgeops is the dynamic

o) S 3L Vi ks r j by S .
rndofi b SehOpPUERLL BOR AR i ML PSR 58 copcitor per
memoby éell G thbabryt ity 58 8MardORAM simplidiey efthisidgsipepemnfitarthe fabrication of

exampl e, as a 32 Mo devi ce havi n%ép4 bits per address,
memoghieces of salptinshy hish denyieuhiapraEidingsthglowesucesbperdat of any memory
. ter [ , other configurations are possible,
deVICésAgluﬁ%gH?%‘éa\ﬁ%%Nb DRAM may al so be configured with 8 or

16 bi t Menfey daddésgsach & DRAMAark st X ofin@hlyeidedilMedxactbrding their
devi ces, respectively. OQther configuratiogns are

25
data stgrags hapdlingaapolilitya sencralbi ieéareorme therepasdy RS therflgvice. For example,
MENDLY & ARG Y Lr .o han f ] , ,
v 125 RO pROGIBRE SN s g IR ERE M, oh copble o

storing @adibdete Abgivrstdté, N bif, idladrhatrsy hivdng A etabddiicdssurhberas rows and
are_provided so that the device _ may accept, address
columpspli practicabdeyigescipiosmation is stored in address locations that include more than a

single bit, so that the 128Mb DRAM may be configured, for example, as a 32 Mb device having

4 bits per address, which is commonly referred to as a 32Mb x 4 device. Alternatively, other
configurations are possible, since the 128Mb DRAM may also be configured thh 8 or 16 bits
per address to form a 16Mb x 8 or an 8Mb x 16 devices, respectively. Other conﬁgur'ations are
also well known, and include DRAM devices having memory arrays arranged in banks of
predetermined size.

In order to specify an address location for the reading or writing of data to the
DRAM, address lines are provided so that the device may accept address inputs. The number of

address lines required depends in general on the particular configuration selected for the device.
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address lines required depends in general on the
particul ar configuration selected for the device. WO
WQee5/0884d.76 PCT/ US2004/ 027918 Referring once BOBUR2000027918
t he exenplary 128 nmegabit DRAM device, if the device
is configured as a 32My x 4 device, 25 address lines
are required. Correspondingly, if the device is
configured as. a 16Mo x 8, or a 8Mb x 16 device, the
Referringenoeagainiterbe exemplanr ESsmegahit PRAM deviesif thedevice is configured as
- ct. v . 140U t he nunber of address Lines . . '
a 32MpRERBELLE 3 sk Tigel AR Praipeeinge B8 pyiee is configured as
a 16Mi&i Bj 8P.a BWR RUIDRIVRE, HRIRHRRLhIABEPYE adrBRSIiAR 4B€24 and 23,
devi ce al so depends on the selected configuration.
respecHyelye xidmgs) the rupnber lof adigess dines changts asrthe siextorp noufiguaation changes.

i o R A 450 PR l MBF g on o st
confighfifidh! € ¥of WUxakipfe, Xor 15O Gle%Hnﬁ'g}nﬁﬂon,Déi&{g@g ac%agbe itgeW¥htput lines are

manuf acturi ng process, address |ines an

requir¢dy pubileo theouB cobfighiation mqerdsoompdight Stk foiver tue required for the x4

support all of the desired nmenory configurations. The
confi PBe is then configured to correspond to a single
menor [ s y, .
f usesy]grqg}i gﬁ?re I'n t@%ﬁ%ﬁ%ﬁg %&éskg}@% % ia\r}g I c{/ata input/output
lines app forartdtan fherdie theupiest albdf addiceRal hefisy aotfiguéidions. The device is
i nput/output lines. Alternatively, anti-fuses may be
then C?l?ﬁ)%%ﬁ toncarFrspemd ia & gnglonemendeyics by sgriowdmetheds.| Messcommonty,
i [ . i t.abl . .

s 201! AOUL 4L B b SERATOr b1 5P B oy s e
data inpev/outpugbne. aAliymmyeQintitfasdsuhidy s for@ed i tHeuli€ that foreh the desired
any other of the possible single nenory devices, ) i
addresg jlinge apg dlata il onipet BResovbert 8 Suitable pregramming eoltage is applied. In

: S e i ne nd_data i nput/out pyt .
cther (R R B PRy ol O R e Pl 6 By Bl g e possive
single infenidry de@itfeb,gsines thed@tifigBratiOn PRddebs 14 itfevetsibisl v @0ha@fently, address
. associ ated with the foregoing configuration procedure
lines and data Goatifeuiit dinegiais fiendomied andbe Mieghefioanies beased:ia the configured
deviceJYpically, a die is subjected to a nunber of
production test procedures in order to verify that the
di e i sAfpattionl@itadyvinaigd assddittdith AR PRLoirR tonfkurtalién procedure is
test procedure, a predetermned test pattern is

encounfgred (iingoths isaling pédhadavies s, Typirally.hardie 43 sutiegiedhto yp number of

. dr Lt the.address |.ocat ion. ]
procuc ot AVOK s SRORIR LGRS gk by 0F 500 b B, 8fing omo porion
of the Westtgrécedudd) £ pfcdetenhintd! @6t patterr REwHABE tP 3t deddched 8ddress, and then

detected, the address 25 location is verified as

subseqreptbt resdoffomathy same addsessi sIf shaaildngesdlagation fails to produce the same
pattemqﬁgte\%aé Yﬁﬁﬁ?y%e%fj g:r{ &itor isnoted. If the same pattern is detected, the address

location is verified as functional, and the test is continued until a defective memory address is

detected, or alternatively, the test is completed without detecting any defective addresses. When
testing is performed on the die, the testing generally proceeds according to a “wide’ test format,
wherein the size of each address is large. For example, the 128 megabit DRAM device described

earlier may have addresses as large as 16 bits, or 32 bits or even larger addresses during wide
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detected, or alternatively, the test is conpleted
W t hout detecting any defective addresses. Wen
wo easiong7é s performed on the die, the testing Benesm4y27918
proceeds according to a "wide' test format, wherein
the size of each address is |large. For exanple, the
128 negabit DRAM devi ce described earlier rmy have

testmgase[goz %\gﬁa X Sl I asﬁé%k%%sil%%%ﬁ &g%}sbl ; .g%red 415 particular memory
devmt@,r%{dt@?ﬁ%gga 7\9ﬁﬁhtg€§érhl‘l‘39mcﬁﬂleé ol EdieEifmB bt Rl vatious portions

ting, the die is configured into a particul ar
of thendiemany conduditars on dimdpackagegackaged, whi ch general | y

of t he EPAeviRE tkebEnS BOGHITTEhE OGS SUBBR P fitonal tests that
also % ﬁf}phﬁﬁiﬁgtegf&cﬁmquﬁgeﬁ F@caﬂ@f(é g esd1§ Yhit gﬁﬂnérodescnbed above.

It1ronal tests a so generally inc
Sincet thetdenipet g teed cesfgired; domener, ithe iﬁjhtydbaestnnﬁrimyrmldmsses by a wide
descri bed above Since the device has been
test DEQGSHVIFIS B8, om,@q@able,t secedhe devige as hega pom?%,to include addresses of
t, Qr
smallgld g{ngl géc&xmg éwt he ag%ﬁfsctgﬁhfégxﬁ glélﬁst](:%% P?ed ﬁg%%—gackagng testing of
addrebfl tddaeion dSiRe SRGroW tesiSpratédite HiugEtesaRES dddi@syloca’rhons that the wide
‘narrow' test format nust be used in post-packaging
test preepdipry madre thdel iesguired 4o completesihs qwsharakeging degting using the narrow
test. procedure nmust test nore address |ocations that the
wi de 10 test procedure, nore tine is required to
conpl et & pRRa@EAShreRREK WSVIRE rhBp hisb GinbRide tnéleethBRrd Sigle die having
test. A packaged nmenory device may al so include nore
suitahlp anteac‘»@nﬁgtnmdb@wnqv @a/@ indjvidpalbflie thet @eopiindas igersonnected die to

h di dual d hat i h . .
coopt i ITE Sorie  pabapi Sihord Gt BeviDE Py diBons Sppsit g approximates the

sum SFRHPhe icGFadie\Of g AFRATRI HieC %ﬂ@iaﬁﬂplb d&h multiple die memory device
approxi mates the 15 sumof the nenory capacity of the

is dischaged iinUdiS. datent Akppdicaligl doofl0B5nN8d; fillesd ddnmaryeRByr ?«003 and entitled

MULIGLECONFIOHAERSS My ioe "ChES MR Y, P anp METsOD,

Leb I DEVI CE AND
whicldbof QML @R ek 1y 8 VI

i ncor poAailwvwag@pms@noe th@f@ﬁgpmgxnmlhp]dwhmnmgmy device is that the

post BTk Lot 0R TSR0 T B PPl T Bl e Tt Sine
the dieive Haen Phter¥BhufecRid, gﬁkﬁcag&ﬁhﬁﬂ AdAled Hihe elﬂﬁﬁe pRkhRM: device is generally
Since the die have been”interconnected, packaged and

discandgd kengn théughenbérrdie pitblrathe gackage bas besn genﬁﬁdatol be fully operational.
di scarded, ,,even thau er die wwthin.,the
hos. pedti wEeE eflﬁﬂ%@%ﬁ%ﬂ&ﬁ@?fﬁ%&ﬂg|a 1RethE 30 Permits a memory

device to be selectively reconfigured, thus permitting the memory device to be tested according

" to a wide format test procedure after the memory die has been packaged. Further, and with

specific reference to multiple die memory devices, it would be desirable to have a multiple die
memory device that permits selective reconfiguration so that the operational die within the

packaged device may be used.
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It is therefore desirable to have an apparatus and a
nmet hod that permts a nenory device to be selectively

WO e@s0841gur ed, thus permtting the nenory devi BET/US200€027918
tested according 25 to a wide format test procedure
after the nmenory di e has been packaged. Further, and
with specific reference to nultiple die nenory
devices, it would be desirable to have a multiple die
menory device that permits selective reconfiguration

t feNal die within the packaged
SU}@@Q#@E&%M@?@VD 2005/ 034176 PCT/ US2004/ 027918
SUMVARYT K3 presint inveatitn (N\zchemliyrdeseted to n\semidopdueter memory apparatus
~generally directed tg a sem conduct o nor ar at.us
havingas, electable aneanary ISPRACHY7BF0 %M%%‘ {eehoF ghche SRR g one aspect of
iheshbld & . i £fand dafa o devices, a processor
e R Ao AR Bl Bl s dvins,a o
coupRUt8 Yhe irpf otigiud abd Gieadia sievige dsvices fhabdnclades anaddiasd bus, a control

to the input, output and the data storage devices that led
bus and @ dagrsensda camanascateridress, capiol gid data, §Enals, amgmeY e coupled to

to co ni cat.e, add , n I %Hg i | s, . -
the R{gwﬁmi%@u@%uﬁ(ﬁ%%t ggpat %ﬁe(f) B(r)ocesgggrlg?%é%ﬂ?n% lcaig%%uratlon circuit
interfi88 BRBvectal deRANBnd BT SRS S@RiroR A data Biisegof thieippocessor and the
circuit interposed between at | east one of the

respeative eddresss oorttrad knd deta bases afithemeniory drvigs tocslpsdyely gouple lines in the

the 10 respective addr.ess, contragl an t S
addrqeficealioh S0 e hgser T L Bropfo § Tinh B b dRp@ SRl and data busses
dlnfty defent rol and data busses of the processor to
Ofthfll nes |net he address, control and data busses of the

nenory Hewnatber kspeahot heemerypdevice inchislesra) nggmeryecell array having a
incl udes . no cel.l array.hayin | urali f. .
phuralipd ey Do S In P A iPBE 45% BREOL] et Hid bene coupleabe
to on%%lr lnGte %fgxaa#’&isa& SFAHRkRAR Aevid aga aQBRASiraiBK Eirdiitintkposed between

usses of” an external device; and a configuration .
the mémanyi delli antagrapd selsigaalimesestdf shaentemngl daviide tarseleptivgiy couple portions
the signal pusses of the external device to .
of thgne 91 %F?B%%foe&ﬁdpt??‘BWs Ceq[)im@he_ APABHOYR, 3Pt g configuration
chcuﬁﬁn%ltﬁﬁeé BADSYmER!Hi-sBibledéiay dbviRef) 30N s AdrodsiB@fital-Nbéhanical System
configuration circuit incCludes one or nore bi-stable
(MEMS)aylaglevi ces, such as M cro-El ectrical - Mechani cal

tsyh Zt S :ne gé%ﬁm% q%%;:t og %})ﬁ!enr?]rg%e:n} iplé'ﬂ}atg](g{a Pf?si%begﬁg%?’ té:m% gurable memory

devilFiiRMes a first memory die having a first memory capacity, a second memory die having a

second memory capacity, and a configuration circuit operable to couple either or both of the first

.. memory die and the second memory die to external circuits to selectively obtain a memory

device having a third memory capacity.

In yet still another aspect, a method of testing a memory device having a memory
cell array includes subjecting the memory cell array to a first test procedure to determine the
operability of the array, the array having a first configuration, packaging the memory devicein a
device package, subjecting the packaged device to a second test procedure, and configuring the

memory cell array to have a second configuration different from the first configuration.
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device includes a first nmenory die having a first
menory capacity, a second nenory die having a second
woreovs/y41c@paci ty, and a configuration circuit PEPUSINE027918
to couple either or both of the first nenory die and
the second nenory die to external circuits to
sel ectively obtain a nenory device having a third
menory capacity. 25 In yet still another aspect, a
met hod of testing a nenory device having a nmenory
BRIEE @ ESGRIPIYONOF UUHEs DRAWENGSng t he menory cel | array
to a first test procedure to determ ne the_ .
oper abifigurg 1 athleckayienyof 2 memery doviemaGaeEling £ ar gmbodiment of the
figuration, packaging the nenory device in a
i ce package, subjecting the packaged device to a
second Fi@fk 20k QCREW (dagrafiGhaothiteitss Henetiivd foRBeBEnY a memory device
- cell array to have a second configuration different
according tn arrogher emahtodaroenttiod thesinvention D 2005/ 034176
PCT/US%OO4/O 7918 gﬁ&EE DESCR%PTICN oF 5HE DRAWNGSt t ih
Fi gur e FIBYTE 3 18 %R0 HiREBM £ MTPOae07aes Z6cuHgBg yot another
mnboa?héﬂpopﬂ@qﬁwégﬁgh.of the invention. 5 Figure 2 is a
flow diagramthat illustrates a nmethod for testing a
menor y Figre ck imaddodk dggtam axfct bempwab eylitere ntacedrdingdo still another
.nventjon. Figure 3 is a block diagramof a nenory
mnbo@@VPE%%g@dEWHgﬁﬂ'to yet another enbodi nent of the
invention. Figure 4 is a block diagramof a conputer
system according to still another 10 enbodi nent of
DETAIRED DESCRIPTIONEOFTHEINMHECRON | ON OF THE | NVENTI ON
The present invention is geqfr Ily directed to )
seni corldgPreenhExeRtipnds gecsally dirreted i spaqondyfigy meggory devices, and
{04t ' :
in parREE A i B RO U e (I b ABICER P oot ired by Micro
Electrispb MothatibANSstetieMIMESIS) deavicee Iarths present eohiext, MBMSSefers generally
refers_generally to the integration of mechani cal .
to thesFUGERHEN ShaMSAIERIGH) HemeD| AN RNATORIEC G, dEdFAR @ common silicon

substrﬁel dsﬁ%ugxée?{ﬁgta(lﬁfa%léj(?jﬂ %@%ﬁ%?&%ﬁg&vﬁi&@-ﬂtﬁiﬁoﬁ%% g}a,chnology, such as

erel evel ope rication tec

photolithopraphy, ¢lepiiolli étbitigs apdvesses hadi thalliket ¢ hiManypobthesspesific details of
and_the like. Many of the specific details_of A certain

certaip ﬁ@bgﬂm%o@he .tilﬁs@.nﬁm mqeb rg)!q@ tgeefollpmixgg]deﬁﬁripm@ and in Figures 1-4
to prévilil VRG9S (aRlstR0idN g Il I Minditd  One skilled in the art will

understand, however, that the present invention may be practiced without several of the details

. é) on
mvenacétb

described in the following description. Moreover, in the description that follows, it is understood
that the figures related to the various embodiments are not to be interpreted as conveying any
specific or Ar'élz}t.i\{e-~ 'i;hysical dimension. Instead, it is understood that specific or relative
dimensions related to the embodiments, if stated, are not to be considered limiting unless the
claims expressly state otherwise.

Figure 1 is a block view of a memory device 10 according to an embodiment of
the invention. The memory device 10 includes a memory cell array 12 that includes a

predetermined number of memory cells that are interconnected by row and column lines (not
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20 to provide a thorough understandi ng of such

enbodi nents. One skilled in the art will understand,
whowswarije t hat t he present invention nay be prBCT/USHd4/027918

wi t hout several of the details described in the

foll owi ng description. Mreover, in the description

that follows, it is understood that the figures

shownﬁ + g‘bg g‘xeﬁrﬁ) tcgﬁs ¥8'ch %ugﬁrpoogb%%fc% & IMRkict10 2 to communicate the

g §& CORVeY SoeCPric or Pel At 1 ves

logicP&t¥@i zﬂéﬁg GhdTRORinEN hnbsﬂ&lh%ﬁda row of’smemd@r sdlBoik theadrray 12 is suitably
specific or relative 25 dinensions related to the

addf@ﬁ%bd’[ﬂﬁérm@nol’}f cellsawithin theearrt 1% sndyethershae das lude any of a variety of
devigeh Trbabl) PE'sEiel AogRLBhE FRLEH wEli RhGnfl OBEic®and. transistor

comBIAARMNHNNS ITRAM devibedi AMihatblely, ttH@ niemtﬁ}ﬁ cellmay l”iﬂclude other bi-polar
menory device 10 includes a nmenory cell array 12 that

devigen,ciughles adlipiflopdireaitnisientd in pistaticandephencyssaapmemt (FRAM). In either

case J aipary Foll BEv) IS0 FBS 76 Lenb R fo ek & BAEPr Sl of the array 12
are aﬂ'ﬁ%cg%fs 18 Dahits éftrﬁélﬁm? deﬁgbgls%varmvdnqmean and to

nicate-the 1logic sfate along the colum Ilines
when a Themeinaredevige ¢@lalse includéscancaddengs bes 14thetisteappled to external

addressed. . The ne cells the arra
circuilh dpek abqamvn&ﬂ Eerés?%%dds?ss S Eﬁgﬂ%ﬁ thepfetnal Cisgfiipf, the memory
devid 103U BId Dfiréds f@}aﬁ & it S @enefdty Y&hﬁoﬂ‘ﬂﬁm the memory array 12
capacitor and ttansistor & combi natioh in a
to betbpecified fdi read aad/onvwhije ofehationmnhy addrbdsdusd is aisd» u«Mpled to an address
reuit

decods fdaicr piesg adiess SR b 0% B BT loBRANg A0dHsss bus 14 so that a
t 2 |
decog%cfn %ﬁé’xg{}g g&g‘gsstlﬂ% B@ﬁﬁ rfigﬁglr) Ith%ger? Slf% Al etng rbr%g 2B5s s1m11ar]y coupled

to exddrRaladircaitgeshd i configurad ¢o h‘aﬂéfer odntrob signyls @21tb Sheamembry device 10 to
well known in the art. The msm)ri/%dew ce 1 aI S

controh ¥ AriehssoRgrationd asrecis &f the dewige 1% LhasPute signafs 24 Y include, for
el S 00 AT S @%@J%@*M@m M o
coluﬂih edarsies siespdctinelly sarkba peiteretable OWE) Blgdalrthﬁtwnybles data to be written to

| ocation within the nenory array 12 to be cified
the aprgy 12.¢ gl sentip) &I@aéﬁor@a&b? aﬂ@entﬂ». oKl Gthsy, eperational aspects of

the dt‘3 cgllggr eg g%sllﬁ a?sﬂi?éi@ %ga rségr °r an e?“?%%%aﬁéfegpg? ﬁré‘xcular memory
dewcﬁtdﬁf' assesHuhen 43161‘9 thd1af siegle tedaste devieeiy g()uptbdrteshe address, control and
provided to the arr 12. A control, bus 20 is
data §4&&ﬁ18age|nyra&sh By dp gxfe emg] girpdisnaf Gore Biepal, C&A%) gy also be present to
contr%? [Elflé giﬁ'gﬁg otfooﬁlegeﬁ]?ﬁs e\{utﬂi r[—:oci vf’degﬂf"l T %cdnfto ﬁs 20 is coupled to a
various operati gna

comm&l’ﬁ}%‘ ﬁgé‘odaﬁ 28he dicuvde ﬁlelébmﬂihﬂd Gimhlsol2 fhapard Bamdferradyto the array 12.
i ncl ude, for
Finally, a data "bus 24 is also coupled to external circuits to transfer data signals 26 from the

device 10 to the extemal circuits, or correspondingly, to transfer the data signals 24 from the
external circuits to the device 10. A read/write circuit 28 is also coupled to the bus 24 to transfer

the data signals 26 to the array 12.
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exanpl e, row address strobe (RAS) and col unm address

strobe (CAS) signals to strobe row and col umm
wadasesses, respectively, and a wite enabl e (RE/US2004/027918

signal that enables data to be witten to the array

12. Still other control signals may be present to
contr ol stiII ot her operational aspects of 20 the
devi ce

0. . | ect {CS .gnal
be use'%ljnt de %é?t%n@b%r‘fl bulwé‘lro rﬁ%nﬁfyy ({e?ﬂ’é% 3@91?% ude’ an address
conﬁgtﬁﬁﬁ&f 51529@? 30 r&hglggriétth@ a8drBel Bud TP PheORMI &GS doRfiguration circnit 30

cou ress, control and data signals
includegein d¢ast @t !blystzttﬂe redagt 32 that iscionpled ts a sélected slughd ayhiness line in the bus

. S e Al U s o
{
L

external Zircdits fol thalaliresfdétotiér 18)and 4n bperpbisie, thatjpiartpte the communication
external circuits to transfer data signals 26 fromthe
of signgbvmmmmc@tgd tabnmgethe selgeied dingc (fhes, MS bl-stablc relay is capable of

being RS b 0o SPRE O o G 008 L s b e reey i
energlz%uwa buidBld souddes and RUBHESH dapabile of Riisinidd (bﬂlawﬁﬂ@ftﬁé selected state

data signals 26 to the arraﬁ 12. WD 2005/034176
when @@T#Q}@@@@ﬂ/@@@i@ $ond [the MBMS; hiystelle Aielayr e Accordingly, the address

&e 10 | udes. an .addr ess ratd
config R oL CBsprelt ot PR PRSea LY YFGhyPEe gonfiguration
controlcﬁglfldl%éirﬁ&ﬁl% Slterabl Sircdit tol pARitiddaBe Bl-staBRSE1a9B2 into either a closed

bi-stable relay 32 that is coupled to a sel ected
state osamgp@l statdy asdesiredie In apettieulpusmbadiment éhebbL gablpirelay 32 is a MEMS

blostab ?%'H.gét iy e{chggau g{agt%gteaﬁgtapggpw}sﬁ qgol a[ga R%%? conéﬁlguratlon control
line 34! & apprAimak] flb&ﬁ@ ol eo1fab AppR& AL AHB 150%1& bSuitable MEMS bi-

conmuni cated fromthe external cifcuits to the
stable zelaly dsmcabeamdéescmac;d tmdetail Wyp©Seman,atterl.;t raPlonatlénearpDisplacement

st e TS Bl BP9 F 8L, 208 W Comc

Microh&ndficaP Wek@k"r Pﬁ)c' 68 ARRial The rEdisp @%nft Ppacor b h@-x (Apr 1998),

open state when the MEMS bi-stablé relay Is energiz
wluchhnyﬂmamﬁcahjoeatsabbyeﬁcremud is further capabl e of

;gh?lc esm [r-:ﬂa' t Chllgg%smt ﬁgﬁel Y t ed %%éq\éhgﬁ%gtﬁaet is coupled
to the &5 Biisdiép IT¥e citdif, RAGHBEAY ifchifel QUfegét '099 bﬁkt%ﬁlé'r&la?@Z'tﬁat is coupled

coupl ed toaconflguratlon control line 34 that
toa seleetadi shegle datadnfel 1g thabuo?d. ThetlatalcopfigurationBGir¢uibd amalso coupled to
ternal ci r

05|t|on t he bi-stahle r
the contHEGRHER HBIoL TR 3438 A 8 BGEUEoD SERi ol Sl 3§ma position the bi-
stable ?g?% ?Q%Etcf glﬂgerIF\J/QE s@tglsﬁfte gﬂggddrp{eéﬁ;k&atet%cﬁl inSEaRkA, corresponds to

i-Sta t’hat
selec’u@i of addrstsalinesaiinl the &n‘bmaBQd Hoy eapmpleg fha singls a@@uona} address line is

conf rat, tr
selected t%)y (:losr}ngI gbslpec&i cp bl-Sthle relay 32 in the circuit 30, the corresponding number of

data lines in the circuit 38 will be halved, so that bi-stable relays 32 in the circuit 38 will

accordingly be opened.
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15 line 34 of approximately about 0.5 volts to
approxi mately about 150 volts. Suitable MEMS bi -
wat@bloatirel ay devi ces are described in detail byT/Gormg/027918

et al.; In Plane Linear D splacenent Bistable Relay;
J. M crorrech. M croeng. 12 (2002) at 1-8, and J. Kim
et al.; Mercury Contact M cronechanical Rel ays; Proc.

46" h A [ 1 Rel Caonf .. .
15 bk LY 0 B9 oo e i 0

coupld¥erd BRIk irdeYC £0. 10l GiReuit B 4166 $ncdudbalad least one bi-stable relay 32 to
confl guration circuit 38 that is coupled to the data

couplbaus séléctedl'p@mon of thet capgoksignals?? yo tbe emgé0a¥or exapplgnid the memory

devies 431 wavmeorahes RARL GRRAHS SRaK el 5o i Popivgd to property

synchito ocfp fohSwRhAhE BLRES 0.t B oth&8n&ABy &Ufc@i iHWever, the CLK signal

con I'ne 34 so that the configuration cont r ol
mayﬁpg%kﬁieqﬁ@eﬁmy p05|t| on the bi- stable relay 32 into
elteracosed te oy an open, state,. Wy ch-in .
gener al ! EEﬁf?t&b&‘*?d oV HEmagr ‘?%‘h a@fedd%%ggay 1 seand provide the
r I [
dta L85 Uik, RO Bpld, 10008 S5 shponding 0o
desifed wdtiakd grer@beiedd the a‘dﬁfess:buSJMt Cafitrok signals 22 are also provided to the

ot B TS P A5 A Sl ot s
C
o g A AOE S i

and RGIAd @hd&ceBéd Bdntfod Rigngld i theodrayi 1 uThe d&oﬂéthmgna‘ls control the array
coupled to the control bus 20. The circuit 40 a

12 sp tlwit darerrant 12 provides detagp the walavrite ciguib28.; dhe é?ﬁS‘Z‘V’éteaPm““ 28 then

provbcgf\getg ex%é%? ?c'\:&l? og,%of ! ?% Q@né%&a&%&ﬁ% gé%t;e{:rgdi %Iles eyétemal circuits.

WhedY# [ORBHE M &Wm ad@es@-di(grﬁlmﬂl cantrbl sipmals are again supplied to
required to properly 5 nchroni ze operations wthin
the addeesd dws 34 and the ponsich bis %@ﬂmr@e avetemﬁglrc%mév e?ddlﬁl% data signals 26

are }a}'gmd%g sﬁ Six?rg?taybélggtldg}r éh *mgfjmré Op@ﬁc%t % tf)g %gdress decoder 18

deco%%@iﬂe%dfe@?on drtAdtRs bﬂ@l@%ﬁ@ﬁrﬁﬁida@t}fembé@dl addicketo the array 12. The
fol l owi ng manner. Address signals 16 correspondin

readéwnidezsncme a8 dhturtomsfony e ﬁa@\ﬂm dhe datp kus 24t e &Ry, g 2 yder the control

tr 2 ar.e 10 control
of the geosipd ST rebfiTef e B Sl bohlaa S Co0
decoder Aﬂlﬁmﬁgﬁ’\ﬂhed ﬁ&aasoﬁﬁglﬁdﬁ&l aifeliiess, theaddiees @onfiguration circuit 30
12, while thé command decoder 24 decodes t he control

and sheg rahisoloconfigarationt qirsinithd(s aggoshown in Figure 1 as separate units within the

memory device 10, it is understood that the foregoing may be incorporated into a single

functional unit that selectively couples and decouples addres's, data and control lines befween.the
external circuits and the device 10 when a configuration contr(;l signal 36 is applied. It 1s also
understood that the application of the configuration control signal 36 may latch selected bi-stable
relay 32 in a closed state, while simultaneously latching other bi-stable relay 32 in an open state.
It is further understood that the configuration control signal 36 may be directed to bi-stable relay

32 that are coupled solely to address and data input lines. Alternatively, the configuration control



10

15

20

25

and transfers the decoded control signals to the array
12. The decoded signals control the array 12 so that
WO b@sas4iay 12 provides data to the read/ wite BCT/US2004/027918
28. The read/wite circuit 28 then provides this data
to the data bus 24, which may then be transferred to
the external circuits. 15 Wen data is witten to the
signal §§\{15 eose&%{) coftx %?%ta% egféa S eggat %Si‘écgt%hegﬁd?%iﬁgégcglﬁl‘t@sﬁ gnd data input
lines. lF;lﬁal@Q 1tig ﬂrllderswoﬂethmtahmm thanliat sénglé nonﬁigilratlomnnconﬂai algnal 36 may be
gnals 26 are provided to the . data bus 24

th
applicdia’ @pﬁiﬁme ilp eniseraraigluss ag i mrgnally sargalie é@a geRfigugation cireuit
h r S
s, of S4SE s YAFEE5-BY 1B G ot BB v
memo dee,wethS then transfers the data fromthe data bus
4 to the array 12 under the control 20 of the

decodedhe oferegeings ﬁgxbaﬁ@mte @emidy afidisss end detiriiaeyito be selectively

cont 15585k GO 5 RSy bl 2. oo

stable 818§ 130! a@‘ﬁﬂtfag&iﬂsﬂi hﬁﬁltﬁhré? b’éléctécp stafeCorfdROMudtdl, Finfl Woendt require a
as separate units within the nenory device 10, it is

conneaiivneo st aastapthertergih eourrosr mgv:rdcrgo mogintem Thesolepiod stated Apgasdingly, the

roreeofgscningr Db R HBohiak oS! By SOHELEor cxample,

since taﬁ SUe&Bd ki % GO B %faBﬁa' reﬁi&r]é: Hiafrﬁa@&ljlﬂd@ﬁerﬂ% §F égonnectlon to any
en a configuration contfol signal 36 is applied. It

energyl somics,o thmd;mtstlsonbtt ﬂmt vhen gopkr dat mtamupfedt Ihte the memory device.

F mhe%}qg]g::! |S§ ecﬁeg |SC 7 ngégp Hl- £ leaglgyf @t& ép‘lévaetrﬂﬂp g}x%he application of a
suitabRe! @?zﬁﬂiﬁs |s?’%n|aﬁtt8 hifgerOtHRe L dbssS Lok @uﬁtﬁina%n%%t | $hd?dt the data

open state is further understood tThat the
conﬁguxanbn geircaiti orincomttrast, wirgposlprivé arhydebizes)i swht asl ftlsrs and antifuses

MR T S
4 0
vanoug eﬂ?ﬁ?ﬂa% d:% Loﬁe ]e e reﬁﬁﬁ&g& 49t 8inS 'c&'ilﬁe'ct1§x§ W the other

i-sta 2 that are coupl ed
embodimkntsy Inopatidules sthardbilitytta ¢hapge thd cmrﬁ’sgura%mnad)ﬂ g, mérnory device at
i s, understood that pore than single co atjion
varioug dﬁ’fl?sofl“%li‘gg muBstrng fret pr&ﬁiffqr ¢ Bertha s dvantaetys, as will be

dxscus§e‘?ﬂflrd@{aﬁ didigs 34 to individually control the dat a

iguration circuit 38, the address configuration
ci r cui Figdft 2risl at fiew cliagram| thatoilifisteptesas nvathard 5@ dort tediing the memory
within the 5 nenory device e fore

deviceeffantivelnpccgrding 1o maa’a?r&%bt)é%gerﬂ l&m oy f %o e memory amay 12 of
I

the me%:%r? 91%{/1\1‘% 19, as%ﬁ“@hgg (l)‘?ﬁ?r% ? gg W Sat(ﬂgb fl@ eElléﬁ 56;2 d)ﬂctl%n test procedure

to detddininesif ahy of tel @ls Biht scmpritathe aual 12 ned défadtivea Eipioaﬁy,eﬂtest pattem

state once actuated, and do not reguire a
consisting of a pre-selected combination of 1’s and 0’s 1s written to an address within the array

12 and subsequently read from the address and compared to the applied test pattern to determine
if any defective cells exist in the address. In general, a memory device is subjected to the
foregoing test procedure when in die form, so that a wide format test pattern may be used. In a

wide format test, the address width for the device 10 is maintained as large as possible to permit
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connection to a constant energy source in order to
mai ntain the selected state. Accordingly, the 10
wo evosgeiing enbodi nent has significant advant agRST/OSEN04/027918

other prior art devices. For exanple, since the

sel ected state of the bi-stable relay is maintai ned

i ndependently of a connection to any energy source,

. £ .
o e Syl iy I, BRURy 13X SRR s o
step 33. - Ktthdbtadisroehmyising2he arraye V2 ds nbt test gdodporgh othieedefects in the device 10

plication of a sujtahle confj guratéhon signal to
c /¥

are dgieptsdy Ui heatiupidiss TElsRiTgR AFEoBlSo AT CLPYR MAHGY SPheAt this point, a
deterfffafion ?3%;&9&]&1% gﬂ&%&ﬁ@@c@ﬂgﬁﬁtﬁm £t (OB s be 1H3dd, 8%'Shown in step 56.
prior ari devices, suc S tuses and antifuses

For ekdmhplepifshadiy has filed thefopeinguembiyodeligfattedeestpaidrother remedies such
device 10. This desirable characteristic has_ various | .
as selgehinght sendand soviip theymemepy devicedl( 19 iplagy @ defgetivg 10w, gs is known in

the afto ?&?Cp g{)}/rwttttﬁet&?ec?t {i%rme %ﬁg%@ of dl? 4Rt 'rﬁ%% 'degraded by

he dbit | 0 chahge the con on of "a meno
selecthily GRc@tplingathe OdeFedtiveBsortlon iof Ghemial a@dirthe@eties! As a result, the
procedures, is particularly advantageous, as will be

defective angperysdid may betcanfigured snd packaged 3 2 device having a lower memory

S e S B b S50
embodi Ngfte @t tEREgbIW AMPSY, of MSis RN ik Yheldie Yhay be configured

the menory device 10, as shown in Figure 1, is ) )
into anyaoteptttly asd bjadetabde foms ther did owtyipsecesd ¢ a packegitigistep 580 During this

etermne.if any.of the cells that . conpri the_.arra
step, 5 it ¥ Risiioned pA g B Rackage i % epah fripauitc patkage (TSOP),
or an&tPBP $1§¥abl’é9ptééf(a£e Bh& apStoBR AR InteRERARAbhOPetREerl bohdBhHds on the die and
O'sis witten to an address within the .array 12 and
pins smlibe qaekugeyare efatnéd. o ithehpackdghde deviem dnayothipm peckeed to hee second test

proceg&%: algesge;plt @f ttl'qa géq%tg Eeg { g%&?x& {12] fgrgﬁifg%%jvgngﬂ def ec}i}iyi\lllg a test pattern to
variox\ﬁljﬁ ¥iBsskS withph afd ﬁl@nfoﬂﬁ b8y 1501 GAM Ry, [ RFihg PROSSEMERg procedure, a

enin die form so that a wide format teSt pattern

devicpawillbee vewfigurédirgo itsi fhealfforme(e.gt bgtopening fastdrfessedivonitthe die, or by

* prozgR R B oD 08 3SRy DEFAORS I /167 e re ltihed o the dic

prior & i iﬂfﬁ%ﬁ‘;eﬁ@ﬁ%ﬁ P WD EIcoRE 18R PRI¥AGER! §6 tHa tHeYPacREde@Ydevice must be
12 to be tested sinultaneously, as shown in ‘step 52.
tested dccohding éd Il dovipe caifigpritiva alopwd diRingahe packagsilz gempd As described

e bR, TSPl Do S o B s )
v s opdis 3 PR Wy oL AN, SAREARRHE Lo s 0 o
packaghddavice. The padéiged d&dre magriipdreford be tdvemtipeoushysiested hawbrding to the
wide cg‘ﬁgéaggrggzggllgg %mg‘forgf%{i%t gtgll) |52,ptﬁast r%ﬁﬂci;tage ?hte' tilgg rdeqlcl)itrgdetro test the array 12 in
the memory device 10.

Still referring to Figure 2, if defects are detected in the packaged device at step 60,
another assessment may be made to deterrnine whether the packaged device is configurable into a

marketable form. For example, the memory capacity may be further curtailed for the device,
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as selecting a redundant row in the nenory device 10
to replace a defective row, as is known in the art,
wo 2006834106 correct the defect, the nmenory capacPtyusioo4/027918
the device may be degraded by selectively decoupling
the defective portion of the array fromthe device. As
a result, the defective nenory die may be confi gured
where@pth P ﬂﬁﬂyétﬁ%@gﬂﬁat@d aad beebhedemified ds@uelifietefo applickiions requiring not
capacity, which nay be adequate for other alternative
more #ppl theantwaw CmaCtth dhaj suceessiully Jederl at stepef-54f the ppgkaged device

e
at stepP6PRF %iﬁ) % $ih€ Bn 2fpropHkte BenfiduraionSdoRol di Eﬁ‘al b the ;&ckaged device.
posi‘tione

in a suitabl e package, such as a small
thin olhéi ﬁnegmng aprec¢dnsorydyantageoaslyt Blpws upt mismory device to be

ack , riate.interc ectlon D
configidsnameaBodaion P PROSE o6 e Ay OATn ST Gssagy be tested in
th aﬁgﬁ&@%ﬂ dRicusR, MBYbIAE b FHHEee Epd dsReRed taeﬁd format test
an()pplgoce ure at pstep 60 thatﬁggal n tess)sa the array %2 e ormat fes
procedigé &ctiewed ae phtichlarlgpplaritaggoes, simse thedime mqum@d te ﬁulil)ot@st an array is
addresses within the nenory array 12._Ordinar

greatlyl pesivigd neSPh i ALY BIABED dtt Eromt g obetc Sple, Hovices that canmot
succes%ﬁﬁ%g %ﬂ% Lt %rﬂ)cteﬁmfeh %@lsteég r5§1 408 6 nfd &0%% {U8&Form to other

ramm ng nti ses on

produtth@ppli@tions H;y cohfiguriipn alie Id&vmbl oh thatndit wiitiess dhe memory capacity
attached to the die) 20 prior to the inplenmentation of
demonsiratedetoditBao8st procedure, so that the packaged device

must be,, test Ed %@&&r gib m t8f ta@ﬁerﬂ%&%q&é) Bf 1 BUEAGALR yet another

adopt ed urlng ste bed

embodiiyi @ hy ,lanEME‘T 'Ihé hﬂerbd)rysd@ideem éinﬁy&eSSQ Imir phenemory dies 82
menory device 10 (as shown in Fiqure 1) may

POSlfl@I@ldé@(thlvé'I Backpem@4 dhe meawen disy Sase W*?@O@l@&ﬁdt%hl@ the package 84
t
to coopﬁratlggfgf glérlnganxalew c&%%w%é gﬁt%%%ior % glg &g ﬁggxgte %ﬁésﬁp‘f&lmate]y about

the sub£6£ B nRGEy Eaparifics dfhl@a aes 82.dBoif etamile, if thealies §2 are 128Mb DRAM
enpl oyed at step 52, thus reducing the tinme required
dies, the meBerytqepaciit @f/ﬂrfzde.vwe §0nis themetmyorximptedy aept - The memory

devm% g@ I?LS Bglgev% a g?uﬂ-fiﬁtgt of adgt"agf Bﬁx%t%%h@sﬁmqﬁhg)gltn@% tﬂaﬁk%g%e&l to transfer

addrediBsiendl9 t6aherdaviee We@i}ﬁﬂaﬂlﬁ@z pReMaged diryiigmitiontput pins 88, and a
configurable into a marketable form For exanple, the

pluralitp w6 conieelipins 09 armpossiéoned oniibe packega 8t da PPEPlt ta fo be transferred to

005 03417 [ L) 4/ O 7 eun
and SRy Bo S0 a8 TR i B B BRRRRY hpits conpled
to thefde¥icap! iaioughs ﬂaﬁ%ﬂrﬁérﬂﬁ'ylaﬁés 82 are shown in Figure 3, it is understood that

more than two memory dies may be positioned within the package 84.

g

Still referring to Figure 3, the device 80 includes a configuration circuit 92 that
couples the address pins 86, the data input/output pins 88 and the control pins 90 to the memory
dies 82. The configuration circuit 92 includes a plurality of bi-stable relays (not shown in Figure
3) that may be selectively opened or closed by transferring a suitable signal from the external

circuits to the configuration circuit 92 through one or more configuration pins 94 that are



10

15

20

25

nore than the nenory capacity that successfully tested

at step 60. If the packaged device successfully
w@amsesiivhe tests conducted at step 60, it is PEENS2004/027918

reconfigured into the desired device at step 64 by

agai n applying an appropriate configuration contro

signal to the packaged device. 5 The foregoing

pos TR So P8 ok S a R S b 3y nctude b
stable IVIEMAY Havicd bP iy biiRr GRVice ShiBYerRiRmses kRS "unBfon, as, described in

optimal manner. I n particular,”the ability to subjec

conneciiopawkh gettierd embodintentsa  Wiltheuglo rthatconBgiratignr eireditir®? issshown as a
si.nce the tine

vi ewed.as particul arly advant ageous, . .
separafegiiit Pishim e pariiage Pdbat dh SBated fort frogy RRSMPRcle &ds one skilled in
th } t . . .

e ar il LBl dBRUaR (A28 e Shfipftion SRGHERE Tl zleo b incorporated
withinphementoriedied2. st eps 52 and 60 nay be adapted to

conformtq other product applications_ by configuring i

the deli%dosgong smbadigent) pdvaptaggenshe Wlpys canackeged device to be

t €3 S j 0 iagram., .
stvag PSRy 30 FEMETofd JodhodSpfbe A v, ror
examphy biiie packaged déiee isRVASEMIDdevidd\Conifrised Yf 8 PuireT 188Mb die, when one
i.hcludes a pair_ of nmenory dies 82 15 positioned
of the gjerfpilstodess gordgbe Barkagaddayigeongy b eenfignredras a 128Mb device only, and

s o1 e it Ni h ckage 84.10.cooperativ .
suitably B Bk PRt e Sint SRR R Y SpECRRG Y T cxampte, i
is well&ppivathdralbosts Yissabatsd witihRivestorPéoritlof ardanttedscd 3B Aed AkrfBer of distinct
. of the dies 82. For exanple, if the dies 82 are 128Mp
tems pryNpingd a8, thehiveptiety ynaeasasi t Peeduse Hbe dovdgomngs@nibodiment allows

. .1he r.oxi el y about 256Mb.. The nmor devi ce
sl ARPEK AT e PR! by ST P BEoFRARLY g held Sl ncd 1o be
maintaftRdi ihiAnadeRory! BRcPas haRat8 LohSurhdranaiigbe- A & d6:Eifre the device

signals to the device 80. Simlarly, a plurality of
accordiggt to thapwwnswnenurequiramenig, Farthera thepflexibility ym dhe ooyl size in the

s R NGTs bR BB L5t BT v v o

meet als@dRAI dFivnekpertedtithfzd $6 hembR dities BhviBEl a PYrifMR BRfiguration. For
circuits coupled to the device 80. Although a pair of

examplge geyigesi hawng 1he sems sowetuien nfyghs eadytained s invehtoryt asidselectively
th t di es .ma osjtioned, .
cons B B B3 B T T o SRS bl i 32

16 methb¥§ défi¢k e .80 i ncludes a configuration circuit 92 that
coupl es the address pins 86, the data input/output
pi ns S8gwad iskeblodndiagtanpofis computer tshisemel®0r accoxflimgs to still another

o RGN SRyt PGS o SpBbASELA 10 vt

configi?€d SRIRC e/ Bi-¥taBREAGS, Aevietd $8ddiBM0ddd2 S (BhAdBBnwith the various
- suitabl'e signal from'he external

“embodiments of the present invention. The computer system 100 includes a processor 102 that

performs various computational functions, such as executing specific sofiware to perform
specific calculations. The processor 102 may also perform various control operations associated
with the operation of the system 100. The computer system 100 may also include one or more

input devices 104, such as a keyboard or a mouse, which are coupled to the processor 102 to
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15

circuits to the configuration circuit 92 through one
or nore configuration pins 94 that are WO 2005/ 034176
wEON5108A004/ 027918 positioned on the package SHCT/UR2084/027918

particul ar enmbodi ment, the bi-stable relays may
i nclude bi- stable MEMS devices or any other device
that performs a simlar function, as described in

allow BOSyR&b Of thé tstah MO RbeHinuRivht. witht ihe Ugbtetn®00. In general, the
configuration circuit 92 is shown as a separate unit

computey $stem 10 alsq en@g@ssmethaﬂor@%@@wcab ape ﬂﬁt v %%coupled to the

pocs B V76500905050 eSSBS B Vb A8 e oner

more dﬁh SRR deVERE P08 afetllso typicﬁlljﬂ chijfed BRI )prébieBsc? 02 b store data, or to
f oregoi ng enbodi ment advantageously allows a Egcka ged

retrievesetherdata drope an saterad datai storege device.hForerampledibe dafa siprage device

8w SSRGS BB 5 oy memoris
(CD-RGamP; 'gllifgrogéssér & écall%%mplgﬂ o thehREMORAIIReQ0 Wﬁ@ugh a control

to test go the packaged devi'ce nmay
bus, a datwHusgatdeah akirass haSulpetaitidata to rblew/ntamrlandmrl reahfrgm the device 110.

g? rhgredﬁ‘ggéﬁ; hégo-lrrrl]égl;\glil)e@%?éﬂ% ec1qtgc? %}ag’e zaé] pg}k ﬁé%}‘)}.#lct fapodiments of
the mv&ﬁ%%;sha@g B 18 oﬂb?éﬂ hdlein W Eﬁ@gi’es‘:&rﬁ]{lﬁ}atﬁﬁevéﬂb% Sbikations may

he nu st nct mal nt al ned

beInmkHWﬂhﬁmI&ameQGQSﬁsheBpﬁﬁu&d:Rbpekﬁnhgmwnghenbdﬁﬂmmmnpb certain
allows, flexibility in the size of the

featuregghosvraini the Fentett of sbk sgbedimep! SEsbe jNoR gy HengEparated into other
embofin A0, B LBk LB GR Hpatd BBE o BR Wk of

embodinftRtLexRepimRIbyshe RMowigh@alins. Further, the flexibility
in the nenory size in the foregO|ng enbodi nent al | ows

a manufacturer to rapidly reconfigure nenory devices
in order to neet a sudden or unexpected demand for
menory devices having a particular configuration. For
exanpl e, devices having the sanme structure nay be

mai ntai ned in inventory and selectively 20 configured
to fill orders for a 128Mb x 4 nenory device, a 64 M
x 8 menory device, a 32 Mo x 16 nenory device, etc..
Figure 4 is a block diagram of a conputer system 100
according to still another enbodinent of the

i nvention. The conputer system 100 includes a nenory
device 110 that is configured using the bi-stable
relay devices as disclosed in connection with the
vari ous 25 'enbodi ments of the present invention. The
conmput er system 100 i ncludes a processor 102 that




perfornms various conputational functions, such as
executing specific software to perform specific

w@ 00808406 ons. The processor 102 may al so per f BCUS2004/027918
vari ous control operations associated wth the
operation of the system 100. The conputer system 100
may al so i nclude one or nore input devices 104, such
as a keyboard or a m)usg é%h are coupled to the
processor 102 to WD 200 }‘ 6 PCT/ US2004/ 027918
all ow an operator of the system 100 to conmmuni cate
wth the system 100. In general, the conputer system
100 1al so A nahputesssystem,compoisimgout put devi ces 106 t hat
are al.so coupled to the processor 102. The out put
devi®®d8PH @6y include a printer, or a visual display
devi %lmqu? . nore data storage devices 108 are al so
typiagla y gg‘g{fﬁ’ed to the processor 102 to store data,
or taddba stefage @svdct her data from an external data

storage device. For exanple, the data stgrage d(fvi cg
108 anpEpcessen eanpledhioythenapw devicsy fhe anipRdevicgand the data storage
. cassettes. C | Sk ._r [ .
devic, 1 5k 5inc BTl 5" RAPOBlY o Tk e tp it
address, chht€olddata séigiisce 110 through a control bus, a data
bus, and an address bus to pernmt data to be wjtten
and/zomementdeviesrroupledde the Brogessor, thomerRe deyiegiichiging address,

dat dvvl,l a%)eo.re'atedthat, al t hough specific
ata and oA RRTS> 10 the invention have been descri bed

her &j fonftidfirafidh RREWS i1RErpobddUsdtwadn AMeasy 8hd Ofithe address, control and
nodi fications may be nade wi thout deviating fromthe

data buses oif the progdsser e thf raspectiva\address reontrel and dafp|tases of the memory

. cestai features. sho in t context of gnhe
device 10 SREEA SR ROTHY UPFOT AV BHT B Tl BRCTERe SPRBT TS5t pysses of the
processor? 8€s in@FRAL R BE thcAri &L | confe LAt Rdbdsses dThd MeRIvEy @dvice.
is not limted by the foregoi ng description of -

enbodi nents except as by the following clains. 15 WO

y
2005 034176 PCT/ US2004/ 027918 GLANS 1. A con .
sy st%e m g’lﬁmyﬁ%%éz CQalgh 9’i vﬁlgqﬁmg%m: ) gugmlog%?%ﬁ{t %Bmpnses at least

one bi-staBR\MbR§ deficdat a storage device; a processor coupled to
t he i hput device, the output device and the data

st or age
3. The computer system of claim 1, wherein the configuration circuit
comprises one or more Micro-Electrical-Mechanical System (MEMS) relays formed within the
memory device to selectively couple lines in the address, control and data busses of the processor
to lines in the address, control anfl data busses of the memory device.
4. Tl;e computer system of claim 1; wherein the configuration circuit is
coupled to at least one of an address decoder, a command decoder and a read/write circuit in the

memory device.



devi ce, the processor including an address bus, a

control bus and a data bus to communi cate address,
wa@omsidil7and data signals; a nmenory devi ce coupdBUS1004/027918

the processor, the nenory device including address,

data and command busses; and a configuration circuit

i nterposed between at | east one of the address,

cont g ol dat a, buses of . processor dth . ..
resp'ctisggééﬁpggg? ] _éﬁtgﬁﬂgd §aﬁﬁ§%3gﬁf° ation circuit
comprise§BARHFress altion TRCER ihtk@oYeC B tHeNRRIrdsE pab of BRSprocessor

o
one of the address, control and data busses of the
and the agdressdas @f theompinnesddviceatnd Buther wherenf the kenfigidatémssircuit includes
' control and.data busses of .th nory.device. 2. The
a data cof{irahn Rt SRR DOSCAGMEP UG B TLfF RIGCGRFoE AR e data bus of
the memd ABYitses at least one bi-stable relay device. 3. The
conmput er systemli of claim1, wherein the. configuration
circuit conprises one or nore

M cro-El ectrical - Mechani cal System (MEMS)_ rel ays . L
forn®d wi i FPIRIECT SYRIRBY §F it devheaeig dheaddress (cpniigiiptien circuit

' | : f th
and the dit 5Bt H R p RS s yn R AH BUERRS T o'
busses of the nenory device. 4. The conputer system of

claiml, wherein the configuration circuit is coupled
to al- | eakte SABIDYIET afysteat rads slaite cbdaherein dhemepmdiguration circuit

compisE0HE1 BRI s BB D S SRt e processor and
the contrd] ®4b bf Bk nfdnsdrg@edite.Cl @i m 1, wherein the configuration
circuit conprises an address configuration circuit

i nterposed between the address bus of the processor

and § he dress _bus of t nenpry, devi ce nd fucther . .

Sherdin o HE SR Sem R O Vot 6ty cpifightaton ciroui
is coupleC Y ¢Eifiaiation cEhtfdlUink, | Nt er posed between the data bus

of the processor and the data bus of the nenory

device. 6. The conputer systemof claim5, wherein the

address nfiguration cireujt nd the data . .

c onfi;ig ur at'1%o ‘g‘aﬁ"ﬁE‘UW% 8? E%HBI 123%?368”& 'ﬁ%m Seyigs comprises
more thart &8 oty 416, and-thd Béhfipardtichircii 3¢ BBrHdsed bawBeh the processor and

wherein the configuration circuit conprises a contro

the moredbar iogemaemay it rte uietectively rqoupledatblessteme efhthecmatnony! die to the

bus of the processor and
Processor.

10.  The computer system of claim 1, wherein the memory device comprises a

DRAM memory device.

s

¢

11.  The computer system of claim 1, wherein the memory device comprises a

SRAM memory device.

12. The computer system of claim 1, wherein the memory device comprises a

non-volatile memory device.



the control bus of the nenory device. 8. The conputer
systemof claim7, wherein the control configuration
W@ 20081084176 i s coupl ed to a configuration contr oPCT/URME4/027918

9. The conputer systemof claim1, wherein the nenory
device conprises nore than one nenory die, and the
configuration circuit is interposed between the
processor and the nore than one nenory die to
selectively couple at |east one of the nenory die to
the 1fr oc®hs oompiitér syStee cforipnt brwheyeindhe pfemyinadayige comprises a
wherein the menory device conprises a DRAM nmenory

flash megewyidggice11. The conputer systemof claim1, wherein
the nenory device conprises a SRAM nenory device. 12.
The conputer systemof claim1, wherein the rrermry
devi ¢g Comhélﬁeﬁyc&vmﬁpdimmisﬁigtl e nenory device.

2005/ 034176 PCT/ US2004/ 027918 3 he cO ter
of chanmmory wplbrasiay hayingranpiuga ’é’b‘gg‘hﬁ' %%dsréssaﬁe memory
ash rrermr devi |

e?i ardy gei)n% é4u 1@5];[@9(%051}/3 )'c;fe,e%l ARsSSY 8¥%n external

Vi ng a plura
device; ah@dl Vi dual | y addressable nenory | ocati ons, the menor y
cell array being coupleable to one or nore signal
buss esoofigarmtie cizewiinterpesed betwesn dhe megiory gg,l,l gp,ag snd the one or

moresigf pugtes of e SHEPBASFYRa 1 Birebeey BTk EoiEPs o Ml hore busses

tothem%ﬂoré%ﬁ’ﬁ&hye'y coupl e portions of the one or nore
us to the menory cell array. 15. The nenory

devi ce of cI aim 14, wherein the configuration circuit

conpr.i_ses | east ope. bi - bl e reI dev

m_anDr1§ de em&@%ﬁr afr g 4° \ﬁ??él?lel Vﬁ%reé gur'ilii3 oéla?ﬁ'l circuit
comprisé%' at fedtlone bl-stable relay device.

locatlons t

16. The memory device of claim 14, wherein the configuration circuit
comprises one or more Micro-Electrical-Mechanical System (MEMS) relays to selectively couple

portions of the one or more busses to the memory cell array.

17.  The memory device of claim 16, wherein the one or more busses comprise
a plurality of discrete signal lines, and further wherein the MEMS relays selectively couple the

signal lines to the memory cell array.

18.  The memory device of claim 14, further comprising:

an address bus coupled to the memory cell array to transfer a selected memory
address location from a corresponding bus of the external device to the memory cell array;

a data bus coupled to the memory cell array to transfer data from a corresponding

bus of the external device to the selected memory address location in the memory cell array;



conprises one or nore Mcro-Electrical -Mechanica

System (MEMS) relays to selectively couple portions
w@Roosiaiiome or nore busses to the menory cel |l BPCT/EF2004/027918

17. The nmenory device of claim 16, wherein the one or

nore busses conprise a plurality of discrete signa

lines, and further wherein the MEMS rel ays sel ectively

o, sheddnsPpRiorio O] a1 BRIl B Blectfigy couptes
one or mbreMErANRHASH RyAIRAYBLEH the nidfriBeDivaysghd array to

transfer a selected nenory address |ocation froma
cor r eslpamdnfiguistion cfrcuiheoupladetonibe date biig that seledtivelyeouples one or

. cell way; dat a, bus coupl ed.to the nmenory cell array
more sigi) PSP A BPA T WG AN EY EPLERBhA ng bus of ¢ he
external device to the selected nenory address
| ocation in the nenory cell array; WO 2005/034176

PCT/ US2004/ 027918 an address configuration circuit

coupled tg the address, bus_that selectively coyples
one. & mﬁbesmgﬁlgm S Ph R d8ardieeipy e giERE bus further

) ‘ r Ave . pelbe \
comprieJSHRSELofe! 3 nERa AL RRIALS R b
or nore signal lines in the data bus to the nenory

cell array. 19. The nmenory device of claim 18, wherein
t he &6dr edbe mesnaryideviee of daimpi s Jehes sompHpiags decoder,

and th t.a b furt her includgs [ ' .
doconapntgfs IR 1A W ity Eehetly KF R fipiod oot signals
from a cERIPEdIGBS F (ROBEEDIa] deiSceqd Wi Bembe dellenapaidy cel |

array to transfer selected control signals froma

cor r aspoieli enpfigueation cirgeit exundedtl thg sonteel Qus thateselesityaly couples
cell array:. da.,c rol. configuration circuit
one or mffS i, iS5 ip e B & 1é PlmoReéean®, o1 | “ooupl es

one or nore signal lines in the control bus to the
menory cell array. 21. The nenory devi ce of claim 20,

wher @l.n t Abe oarmarpdevige of elpinhad, whengin iheeepntrg! besmiisther comprises
4 COmMm dg odoedr. 22. A selectively configurable nmenory device,
B8 70T g,

22. A selectively configurable memory device, comprising:

a first memory die having a first memory capacity;

a second memory die having a second memory capacity; and

a configuration circuit operable to couple either or both of the first memory die
and the second memory die to external circuits to selectively obtain a memory device having a

*

third memory capacity.

23.  The selectively conﬁgurab]é memory device of claim 22, wherein the first
memory capacity is approximately equal to the second memory capacity, and the third memory
capacity is approximately equal to a sum of the first memory capacity and the second memory

capacity.



a first nenory die having a first nenory capacity; a
second nenory di e having a second nenory capacity; and
W@ 2@6M0841gar ati on circuit operable to coupl e eiP¢EFUSIING/027918

both of the first nenory die and the second nenory

die to external circuits to selectively obtain a

menory device having a third nenory capacity. | 23.

The sel ectively configurable nmenory device of claim

22, wherein the first nenory capacity is

appraxi matigd lRavel chefifiiebls atpistly devios ¥f claipRe? twhereiitthe third

the third nenory capacity is approximtely equal to a
memory eapatityf it hgpréximetelyrenualytocensaef the fngtimemory sepnsity adothe second

capacity. WO 2005/ 034176 PCT/ US2004/ 027918 24. The
‘nmnmy‘§8§§5&ively configurabl e menory device of claim 22,

wherein the third nenory capacity is approximtely

equal to one of the first menory capacity and the

secarsd nEmosslectivehc configiahle Thenew| dwtiges ef wlaim 22, wherein the

conf i gur abl e _nmenor evice of. clai.m 22, erein t.he
configuraig cirgwt 4% FBHICE Prutied @ & Wupbivee! SGub e Toeple Sigfals from the

[ ' pins to couple signals fromthe

external czﬂ)?tﬂéﬁ?atwg%]gﬁ tgé@{;eé the nenory device. 26. The

sel ectively configurable nenory device of claim 22,

wherein the configuration circuit includes at | east .
one - st b scleelively gentigablo memery deyies of w&ny 22, wherein the

i onfi gu g .m.22, wherein the
conim QR B RIBE oAU SO ) QB2 ohe
M cro-El ectri cal - Mechani cal System (MEMS) rel ays

operable to couple either or both of the first mem)r)i1 .
di e dhd tRbe seledigbnenpligurahle memeryededsg of pgim 22, wherein the

[ it.s. 28. Th A ' .
o e PR S S A R i
operable @ QotyilY i ciliefiorf Botht ¢F e NmxsY meaRRE dieyand the second memory die to the

external circuits.

28. The selectively configurable memory device of claim 22, further

comprising a third memory die having a fourth memory capacity.
!

29. A method of testing a memory device having a memory cell array,
comprising:

subjecting the memory device to a first test procedure to determine the ©perability
of the device, the memory device having a first configuration;

packaging the memory device in a device package;

configuring the memory devicé to have a second configuration different from the
first configuration; and

after configuring the memory device to the second configuration, subjecting the

packaged device to a second test procedure to verify the operability of the memory device.



29. A nethod of testing a nenory device having a
menory cell array, conprising: subjecting the nenory
waleasosit® a first test procedure to determ neP€TES2004/027918
operability of the device, the nenory device having a
first configuration;. packaging the nenory device in a
devi ce package; configuring the nenory device to have
a second configuration different fromthe first
configuration; and after configuring the nenory device
to 3 SerRNfcRRIAl MRl 20 WheRMPHRCHsD Shd Q@corﬁ%gt&}ﬂ@gedmes test
device to a second test procedure to verif e
the memoppesihivrdyi ¢fithementvey devive.y devi ce. WO 2005/ 034176
PCT/ US2004/ 027918 30. The net hod of claim 29, wherein
the first and second test procedures test the nenory
cell array of the nenory device. 31. The nethod of
claim?29, wherein the first and second test procedures
ar e 31w deThesicthodarfadaime?9, vaiereiid tiee fint badl seéortd ®Rkiprddedures are
n packagi ng the nenory device further conprises
V”deﬁmtﬁ6ﬁﬁgﬁ?ﬁng the menory device to a plurality of pins
coupl ed to a package 33. The nethod of claim 32,
wherein the nenory device includes a configuration
circg.t chuphrthddoot HleinRIDWHerdid packaging thethb@uly B6vice further
. the ne cell array furt her conprises applying a
compnsemm@mgag? siemory device © apurabibifings eompled toi a package o
convert the menory device fromthe first nmenory
configuration to the second menmory configuration. 34.
The 38t horhedfméthéd MoB2aih 8D 2 ivvhe?@R| MeNgheAnory device includes a
configuration signal to the configuration circuit
configuration eipenit eoyipindi todke memenyrimiyn gndcetimgueng ﬂxeamdnmtceb mgay further
able r ay devi.ce h|n e conf. atlon
comprises ?I?Pi gf%%“‘ﬁ‘e?‘ﬁ%ﬂ Bt %Faﬁﬁ%ww r‘i° &opr it A memory
device froth ﬁl@rﬁrhtgﬂérﬁ&y%nﬁgﬂﬁﬁbn {Pht B&ond A @Y Ea gﬁ‘raﬁbﬁ cui t
further conprises altering the position in at | east
one Mcro-El ectrical - Mechani cal Systen1(NENB) rel ay

con urati.on_circuilt . hod. of .
o s 20, T PEihoR SESIERT 2. bE P ARPNPg AP aRhses isignal to the
configurati®iTBirdhit further comprises determining a state in at least one bi-stable relay device
within the configuration circuit.

35. The method of claim 33, wherein applying a configuration signal to the
configuration circuit further comprises altering the position in at least one Micro-Electrical-

- Mechanical System (MEMS) relay within the configuration circuit.

36.  The method of claim 29, further comprising establishing a desired memory

configuration subsequent to the second test procedure.

37.  The method of claim 29, wherein the memory device comprises a first

memory capacity, and subjecting the memory device to a first test procedure further comprises



configuration subsequent to the second test procedure.

37. The nethod of claim?29, wherein the nenory device
wa@eowpsdes a first nenory capacity, and subj ertT/ng2onde27918

menory device to a first test procedure further

conpri ses WO 2005/ 034176 PCT/ US2004/ 027918 det er m ni ng

t he operability of the mermry cell array; and if the

Menpry is pa . .
s M S RGOy s s ity
operable, T&d0BE ﬁr?goﬁx‘é'rﬁé’m&@adevh& to&fase fah@Bond Peerhorysdapasitthat is less than

P ’capacrty.

the first memory capacity.



