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memory devices of relatively high density while providing the lowest cost per bit of any memory

15 device currently available.
Memory devices, such as DRAM, are most commonly identified according their
data storage handling capability, generally referred to as the cépacity of the device. For example,
a 128 megabit DRAM device contains approximately 134 million memory cells, each capable of
storing a discrete logic state, or bit, in an array having a predetermined number of rows and
20 columns. In practical devices, information 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 w1th 8 or 16 bits
per address to form a 16Mb x 8 or an 8Mb x 16 devices, respectively. Other conﬁgm:aﬁons are
25 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.



Referring once again to the exenplary 128 negabit DRAM device, if the device
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A particular disadvantage associated with the foregoing configuration procedure is

20  encountered during the testing of the device. Typically, a die is subjected to a number of

production test procedures in order to verify that the die is fully operational. During one portion

of the test procedure, a predetermined test pattem is written to a selected address, and then

subsequently read from the same address. If the address location fails to produce the same

pattern that was initially written, an error is noted. If the same pattern is detected, the address

25  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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Since t e have been I nterconnected, packaged and entire
packagewsidevice is generally discarded, even though other die within the
package has been verifjed to be fully operatiqnal. It is therefore_desirable
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MULTIPLE CONFIGURATION MULTIPLE CHIP MEMORY DEVICE AND METHOD,

which is cbmmonly assigned and is incorporated by reference herein.

A disadvantage present in the foregoing multiple die memory device is that the

20 post-packaging test procedure may reveal that one or more of the individual die has failed. Since

the die have been interconnected, packaged and marked, the entire packaged device is generally
discarded, even though other die within the package has been verified to be fully operational.

It is therefore desirable to have an apparatus and a method that permits a memory

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

25  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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I nvention is generally directed to a sem conductor nenory apparatus having

a sel ect capacity and to nethods for testing such devices. |In one
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to external circuits to selectively obtain a nenory device having a third
menory ofithacndmyoryatevica. yet still another aspect, a nethod of testing a

menory devi ce having a _nmenor cell array .inclydes subjecting.the nory
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configuration different fromthe first configuration. 4 . .
the memory cell array and the signal busses of the external device to selectively couple portions

of the one or more busses to the memory cell array. In a particular aspect, the configuration
circuit includes one or more bi-stable relay devices, such as Micro-Elecﬁical—Mechanical System
(MEMS) relays.

20 In still another aspect of the present invention, a selectively configurable memory
device includes 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.

25 In yet still another aspect, a method of testing a memory device having a memory
cell array inclhides 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 device in a
device package, subjecting the packaged device to a second test procedure, and configuring the

mermory cell array to have a second configuration different from the first configuration.
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in particular to semiconductor memory devices that may be selectively reconfigured by Micro-
15  Electrical-Mechanical Systems (MEMS) devices. In the present context, MEMS refers generally

to the integration of mechanical elements and microelectronic devices on a common silicon

substrate using currently available or hereinafter developed micro-fabrication technology, such as

photolithography, chemical etching processes and the like. = Many of the specific details of

certain embodiments of the invention are set forth in the following description and in Figures 1-4

20  to provide a thorough understanding of such embodiments. One skilled in the art will

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

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 ,r'élgﬁye : "I;hysical dimension. Instead, it is understood that specific or relative

25 dimensions ,rélatéd. 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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_ column addresses, respectively, and a write enable (WE) signal that enables data to be written to
the array 12. Still other control signals may be present to control still other operational aspects of
20  the device 10. For example, a chip select (CS) signal may be used to select a particular memory
device for access when more that a single memory device is coupled to the address, control and
data signals generated by the external circuits. A clock signal (CLK) may also be present to
control the timing of operations within the device 10. The control bus 20 is coupled to a
command égcoder ?:4 to decode.the‘-é-or_nmand .signals 22 that are transferred to the array 12.
25 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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Still referring to Figure 1, the nmenory device 10 includes an address
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data configuration circuit 38 is also coupled to the configuration control

| i ne JiateoF apgpen pates ah fesitgdatin epattisnlar gmbefigraat, the birsipblegelay; BhiseMEMS

st abl g..r KLnto either..a.cl osed. te,or an e ate. ~\Wi.ch-in

o omor <ol reldy Rt RSBy AR pnihe 8o BRI RS bhasich dhgt o,
e313nplifhe 34 oPapprérirRiterd dbéit MR voREIY HpfoximBRIY sbous e5GTbRE  BMitahie MFMISDbi-
specified bi-stable relay 32 in the circuit 30, the correspondi ng nunber of

dat a |stabde relay wdewices axadesca®ediiin |detsdl binGooumm, goakndn PhanesLutsie Digtlagenep i n
}:,2;- | Bls%gtgﬁeoég@\f,% !l .l Mi&g&%&gll\qg;lrgen%?lf Pﬁ&? at 17-8}/\591(? 9%%9,3&1 ]é?,e Mercury Contact

Micromechanical Relays; Proc. 46™ Annual Int. Relay Conf; pp-19-1 to 19-8 (Apr. 1998),

which are herein incorporated by reference.

20 The memory device 10 also includes a data configuration circuit 38 that is coupled
to the data bus 24. The circuit 38 similarly includes at least one bi-stable relay 32 that is coupled
to a selected single data line in the bus 24. The data configuration circuit 38 is also coupled to
the configuration control line 34 so that the configuration control signal 36 may position the bi-
stable relay 32 into either a closed state or lan open state, Win'qh-in gi;.neral, corresponds to

25  selection of address lines in the circui,t 30. For example, if a siﬁgle additional address line is
selected by closing a specified bi-stable 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.



The nenory device 10 may al so include a control configuration circuit 40
that is coupI ed to the control bus 20. The circuit 40 al so includes at

| east one /ﬁﬂﬁﬁrel ay 32 to couple a selected porti (3 ; t he control
signals 2 to t evice 10. For exanple, if the nenory [RUPRY239185 5
synchronous DRAM (SDRAM), a CLK signal will be required to properly 5
synchroni ze operations within the device 10. In other nenory devices,
however, the CLK signal may not be required. In operation, the device 10
nmay read data storHg membhedeviceal iidy ablsodnglude/a dmttdieonﬂgmmnbmcirhnt 4 thet isal

circuits in the follow ng manner. Address . si s 16 _corresponding fo a
desi r ed guBledste the somfFol\iusedd-+ dbe wgcya@ 8@1 des, at teast ppg %gﬁtgmﬂgltazzﬂatpe

|
ddr es S {efertdoholiof 8Pt YontliS fg?@é“dt% 10° EOEBLABE F it e dl®
command dERJIE0 24 SeERRsuY m)zwon(stAM)g RaCEKOBighllewdld e fiq ules tBQ)roﬁbﬁE'

transfers the decoded control signals to the array 12. The decoded si gnal s
cont Pol syhehranize pperattonsovithinthe devies ¥nyin pthey memari deviges howeveretheddd{ wghale
circuit 28. The read/wite circuit 28 then provides this data to the data
bus 24, A 29 BEGIHEn be transferred to the external circuits. 15 Wien data
is witten to the 0 I : [N
supplied to the alg%g@o%ugzei%@g%?%tlﬁgﬁg%ﬁﬁl raga{'@%%g@%gﬁébaﬁ%ﬂﬁg@ea%l g{rﬁgﬁgﬁie
circui t slatd to #kdéttemnal, cidafita inithedblowdifig marmepr Adddssd signaish6 deatresponding 4o lay
the external circuits. Once again, the address decoder 18 decodes, the

addr ess dssiredhaddressrase proyidedste taﬁ address huseld. ¢ Gentenl simals 2qarecalso provided tafheay

12. fh f t 24
¢ 10 soPRORUYA, G s By RSS! R BB PR AR R bl
recei vedo thofri E2, SFHIRERE colpfifade decitler 24 HERUEd the REnkEH b ¢ Rhirébus 20
circuit 38, the address confi guration circuit 30 and t control

conf i guraaltlltmmesrs &loldecak&danoetrghomls to thegonag 12. é@lesbped@t agnals contral thei arayhe

menor nd he fare ncor ted
Toro a. i et P ey R MoTIRFS OethdR Ehserr: Vs B et e GapRLEE then
addr ess rQ@iH&s g dﬁﬁ%rt‘% datd'88s Q@f %ﬁﬂ%ﬁ ﬁé(&%is'?@& dPtor &ié' éx%efﬁQld itdbfts.
devi ce ]P when a configuration cont na 'S app T
unddbst oWtien Idata is lvaiteppbithatevce b0, atddeese erghalg landtcomnolmgﬂalsahresaggnedupﬁﬁemw

| at ch se ect(grd bi-stable relay 32 in a _closed state, while, si maltaneously

| at chi ngh®e Pssotusst“dmctatheétoatmh‘zus 3P b theysateral girguits. | {n |a§d gla signals 2

under st 0 [ I
bi - st ab?ag e%{l/edt g)Ztht(é %{té g‘rige%c‘o }hgd& i allctq géa(ﬁlr es ah da ag‘(’%ﬁ%etﬁ?dﬁrl nes.
Al t er natde¢edes, thé hddressroin the aad:essrbteqmtand |pr0\8des the decoded address to the array 12. The

read/write circuit 28 then transfers the data from the data bus 24 to the array 12 under the control
20  of the decoded control signals received from the command decoder 24.

Although the data configuration circuit 38, the address configuration circuit 30
and the control configuration circuit 40 are shown in Figure 1 as separate units within the
memory device 10, it is understood that the foregoing may be incorporated mto a single
functional unit that selectively couples and decouples address data and control lines between the

25  extemnal circuits and the device 10 when a configuration control signal 36 is applied. Itis 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



WO 200. 5/ 034176 PCTI US2004/ 027918 signal 36 may be directed to bi-stable
relays 32 that are coupled solely to address and data input lines. Finally,
it is un at nore than a single configuration i | 36 may
‘be appl ?QQSZE)%ﬁfeﬁdevi ce 10 on separate lines 34 to in%%gq"ﬁ?%g%ntrol
the data configuration circuit 38, the address configuration circuit 30 and
the control configuration circuit 40 within the 5 nenory device 10. The

f oregoi ng enbodi nent permts address and data |ines to be selectjively

coupl edigasldOdnenbe Hected tq hiestablnaelgysdiA thekare goupled golehyeto pddresy andydataingnt e

rel ays,;32. dhe.bi.-.stable r 32 advan ousl| intaln.a.selected state
once ak??fat 1&:‘11.1%&& _‘W‘E"é&?‘ggﬁ Péorgﬁg o%%@g{%i cggﬁégrgﬁo% 8ﬂ§?§%légk§§dga%s%eur ce
i n or dgpiied to M dc¥ide 1076h SPafifid BlesS14ab SndiNiaa Mt difiloY theldiéa ddfipRF BB cichit

enbodi ment has significant "advant ages over other prior art devices. For
exanpl 8§, thei adsizess heondigheativn deixnit 30 @hd tthe contralt adrifigurationycireitndl) rvithim dht

I ndependent |y qf connection to any energy source, the state is not | ost
wheh pBWEITY S°Yi¢k €frupted to the nenory device. Furthernore, the selected
state of the bi-sﬁ%b \ LSl =S t.hrio : PRl i ' of a
sui tabl e configurati gﬁ%ﬁgﬁﬁ“@‘%ﬁtéﬁ%eﬁgﬁeﬁeiglrg g%%f%grlgt P%nsg]%%\% It
and/ or cédptediaidadetbusied fto the menofy 8évicl G usihgloRO Mdfd bi-stable edlysiB2. OThedsit

devi ces, such as fuses and antifuses irreversibly alter the configuration
of t hestaelgoelpydi pdeantageously snainkin alselected Htate oaee getuatefaand domiobaequire a

advant ages,..as, W | I _be_ expl ai ned i.n eater.detail in, c ection with the
othor SmEgfhiart o Sifed ofifie i pfle” B Freinfih Bie sl GHEENRRS ASRHMAY 840,
of 1@ ”Fd_f@édfnéj RMibeBinddnt WS sigHificnt rﬁ_ﬁm@ek RS TNt b bt Ebvides! _H%%%%er,esy
is particularly advantageous, as wll be 20 discussed in detail bel ow.

Fi gur esificé theaselected sthitegf dra bikstdble kdlajsisrmadintrined ieddpendenflyfofa dompedtiog to hey
menory device of Figure 1 accarding to another enbodinent of the invention.

The nefRF§Y 0N, ithe oftater 1fe NRbpFty WheR i RRWer0ls ARtelpRIGH tonths grgmpery dgvice.
typi ca | f4i:C C - e it of
the. of PAnGHREE Sttt OFUIE b M SRy P AR LI BB P LBficaliof B

pat t er suifdblec @onafigiration ofigial ptoe-edthke ahe chddasbi soalfiigovation tircnitanadd/Or sthe sdata
witten to an address within the -array . 12 and subsequently read fraomthe
adtft essonfiprationp siret 1 oln |gentigsbl vardouse BHOn gttt deviceso sa& asnfuses apd ayifuses

def ect } hst he. , . devi '

sub; oo B RUE Rl e bRA L BF Benldly SR0RE Tor PP QBRI Ol Firte pos, e
f or mat viesiis Bd¥dnEiges,may Widl beCexplhifed inWgdgtef AlefAl ih Sohnedtivh A @RS otbeflt h

for the device 10 is maintained as |arge as possible to permt )
embodiments. In particular, the ability to change the configuration of a memory device at

various times during manufacturing test procedures, is particularly advantageous, as will be
20  discussed in detail below.

Figure 2 is a flow diagram that illustrates a method 50 for testing the memory
device of Figure 1 according to another embodiment of the invention. The memory array 12 of
the memory device 10, as shown in Figure 1, is typically subjected to a production test procedure
to determine if any of the cells that comprise the array 12 are defective. Typically, a t*e:st pattern

25  consisting of a pre-selected combination of 1’s and 0’s is written to an address within thc; 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



9 WD 2005/034176 PCT/ US20041027918 a rel atively |arge nunber of nmenory cells
inthe array 12 to be tested sinmultaneously, as shown in step 52. |If the
cell's congpigedidsiAge array 12 do not test good, or if othgiydeifeissi n the
‘device 10 are detected, the die is either rejected or accept ec?, as shown in
step 54. At this point, a determ nation regarding alternative
configurations for the die may be nade, as shown in step 56. 5 For exanple,

if the die has failed the foregoi nmenpory cell _pattern test, and of her,
ermed ATHBRTY LEGBRE PR P S T 1o SR ey TeRepp g a6 ghewh in
repl ace f ' | i ' t

Gof cot . e oL (B¢ Bping he RRY2 b nok Rt B0, gt 1 olfr REGR IRL bl 10,
decoupl aregddtduted) etheadie ie ditbet irejocted o haeceptedy yast shownt he stgp\i4c e AtAthisipsiagud t
the defective nmenory die may be configured and packaged as a device having
a | ower detempgtiomzeadingaliopatiyeiconfignrptions fatthgie may be neadgets showarin step\pé-

ld cations. Lf . di d it,is.d i th h
or e e R it B ¢ o 4T 830 BloaieRRrd o Phesrh goh TP RF 1B oty
proceedad meiﬁﬁ%%lse&mmnﬁf&@irﬁﬁe rihéry@elick 30 t6 t@itaceta\ReféttiOe rdwPASE khowe th

wi thin a suitabl e package, such as a"small thin outline package (TSOP), or
anot herthsuart, afalle tpacoitege theadeffeaty gho prénadry dapaatyc ofh thec dévices mayt bee degrisdeddbypads
on the die,and 15 pipns on th ackage arge forned.. The packaged devic

Chen priieseodecobelin g defeclis oot of the Sropioe HHafoags s agpes {50
array 1 ' I ' t . i

addr es sé%fg@m{ﬂeﬂ@%&? hé&%eﬁn%&yﬁea?%{%%é&/h@g%r%gﬁ ?P %ﬁcﬁdﬁgﬁﬁxﬁ%ééﬁgﬁm@ ory

pr oeducapacity, witdsh may bk laieqratecfon bitgr slkdanativeapplicationsnal form (e. g. by opening

fuses formed on the die, or by progranm ng anti-fuses on the die, or by the
manner in which bHrihe g testsgoed at stgpFddon i s deieraningd that Hheidis may be genfigured

i npl ti h t d hat_the. kaged.devi

st Dot g FbaPlablecia AP R mER O ot progte B B 5P ot PG e
packagi ggp,3h&ie i8posifaindd WiKin A¥uRMbIC Ppatkage, AVRHES smAll &ri bnifihe Bh&ap &l THOP)32
of the menory device 10 (as shown in Figure 1) may be selectively opened or

cl osed @yangthsirsiitgble packagabins apprdpripte tdroonnecinnsdietwéeyrimind tpads o theptie kadjed
devj ce. .The pgckaged devi ce y eref ore be advant ageousl ested acgordi ng
to e pES il BikikaeS G oMl dhpIByEed eutogy 188 T BoobBl AntscoHb o
requi T efol Qe 8 stbh 80 3hdiBpatPield td hifay BRI RRHVE Cellly Bphyih ggésggaﬁem 6 0

Fi gure 2, efects are detected 1 n the packaged devi ce
anot her vasms ssidesssesnwithinethranemoxy atetyel2ri Oedinkélyh duringhtheppackagiegl prteedwre, a s

configurahle into a
g dev?ce whl be configured into its final form (e.g. by opening fuses formed on the die, or by

- programming anti-fuses on the die, or by the manner in which bond wires are attached to the die)
20  prior to the implementation of the second test procedure, so that the packaged device must be
tested according to the device configuration adopted during the packaging step. As described
previously, however, the bi-stable relays 32 of the memory device 10 (as shown in Figure 1) may

be selectively opened or closed by applying a suitable configuration control signal to the
packaged device. The packaged device may therefore be advantageously tested according to the
25  wide format procedure employed at step 52, thus reducing the time required to 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 determine whether the packaged device is configurable into a

marketable form. For example, the memory capacity may be further curtailed for the device,

10



mar ket abl e form For exanple, the nenory capacity nmay be further curtailed
for the device, 10 WO 2005/034176 PCT/ US2004/027918 whereupon it may be

segregate itably identified as qualified for applji l.ons requiring
‘not nore t@ﬁyﬁ‘ﬁyﬁmry capacity that successfully tesl%(g@{l%gﬁongg%l%o_ f
t he packaged device successfully passes the tests conducted at step 60, it
is then reconfigured into the desired device at step 64 by again applying

an appraqpriate.confjguratiqn,control, signal .to t kaged device...5 The
o oo 4o bl e e S0 Sy hastBBia e maliiddd6r Sapitcstioe reasrPe Bk o
durin r i t : i t R i :

o 1 oo Eofe; B Ghe Herhéry) AP B SubRuliMy (s &Y HEN 0B | B he PRASRA BB
packagedcassfullp passesithe tdsts icondmted atstep GO itde thenarecenfiguesdthta thepdesired ddvace y

advant a?eous, since the time required to fully test an_array is égreat |y
r educed step 6 by sgpidrapalying e grrsopiate pandiguration pontrelsignst to theParkagsd deage.

canpot 10 successful | ass t est e S st eps,_ 52 and, 60 be
adapted to conf Qﬁ:ﬁet 0% BG%ﬁfél}g PB&E?%‘H& _ag%"gﬂ?‘?@{‘ﬁﬁ%ngﬁ%‘? C nlplewp{ ndgevicﬁg%/del?ﬁ ce
so t hatcohtightel lduAgs a;pb&idwﬁﬁ okt prIAdré Yo thdelieRfrhy Mk iR RidaAs) bdtesed f 3
s a block diagramof a nenory device 80 according to yet another

enbodi rasrptisial toeneny Enpartioulafithe alitityr tp subjecte packaged Hedes taapride fasmantestor v
dies 82 15 positioned wit.hin_a package 84. The jrenory. dies are .

i nter cm‘éeéw%dlsmwdnastE?éﬁﬁéle%g@vaa‘@g?%lsc%ﬁeﬁhaﬂ%xeﬂ&freé il &ﬁﬁfetﬁ%rag} ayisce

havi ng A%B;T? paci:ty t, 4 DRI QX y u e ry
capacit €s 0 &%{]ﬁg&di gghSQmégoard@%gr%l g‘?& Pfe%i@rké ?i%gs @ﬁ‘grg’e%%%ggo t%A?\ﬂq;ﬁgeﬁes,
t hgome rméaessmnﬁgiawﬂ&f tebhprodedires aBilepss52 bad 68npRLY bedapled tobanfordb®MsherThe
menory device 80 al so_ includes a B{Eural_i ty of address pins 86 positioned on
t he padwedusct gapplisationsn by e coritguzingr des deviem $ios thap &t hutiligesi the gremey nedpagityy, a

pl urali of, da Lnput fout put pins 88, and a plurality of control pins 90
are pos‘feﬁogﬁ%%e%ﬁok’ﬁéog‘&ckage 84 to permt data to be transferred to and

fromthe device 8BguRnd it % BRIRIdiadrhf ofey nfendd) de9idecs® abédrainzed Ry aBather nal

circuits coupled o the device 80. Al though a pair of nenory dies 82 are
shown iembeidiment & thet inventiomier Bheo owtmonmatdevicerd® trichnies vio paienadr metions dieay82e

posi tioned. withi.n.the package 84. 25 Still _referring to Fiqure 3, the device
B0 Ve msaionsd wifhin § welRis i Thi memed' v 82 Secinfrbdmeniot hin & pckeetd

t he datyg 4 : [ }Qﬁq@o i '
82. Thetacdggﬁ?%{llfraé% ?('())FrI]n Eg;lﬁriglglglt%, gézwﬁe?]c u eghge%polrgrca iCE@ ﬁ)oc? %i _g@?ﬂéﬁﬂlye a§§
(not shhewumroffhgmemory capacities of the dies 82. For example, if the dies 82 are 128Mb DRAM

dies, the memory capacity of the device 80 is then approximately about 256Mb. The memory
device 80 also includes a plurality of address pins 86 positioned on the package 84 to transfer

.20  address signals to the device 80. Similarly, a plurality of data input/output pins 88, and a
plurality of control pins 90 are positioned on the package 84 to permit data to be transferred to
and from the device 80, and to permit the device 80 to be controlled by extemnal circuits coupled
to the device 80. Although a pair of memory dies 82 are shown in Figure 3, 1t is understood that
more than two memory dies may be positioned within the package 84.

25 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

11



3) that may be selectively opened or closed by transferring a suitable
signal fromthe external <circuits to the configuration circuit 92 through
one or nmore confiquration pins 94 that are 11 WO 2005/Q3417
PCT/USZOOﬁ?é%W@%§g6positioned on the package 84. In a pgé?&§%WéPZ@H%odinent,
the bi-stable relays may include bi- stable MEMS devices or any other device
that perforns a simlar function, as described in connection with other
enbodi ments. Al though the configuration circuit 92 is shown as a separate
uni t vwhddhichel A tae%a&ge&a. tlaaf ?drﬁcﬁﬁa&ﬁgocﬁﬂéﬁ% ttle BimtitIe SR IO MMy FhGudiZbi- One
skilled in 5 the art will readily understand that that the tonfiguration

ci r cui stalsiz MEMSaldsvicks or muprqtiseradevite thiat perforidsea rsenday fidictioB2 as dbseribed éyoi ng
enbodi ment advant ageousl | ows a packaged deyice to he _salvaged if one of
t he rre?%“ﬁc%ﬂl’e“ﬂﬁtht A ° %%%@Mﬁ@ BERher GG 1e SPPWH. 2Py

Toanp. sppatas pRE WARGH B8Rt St It el S S ARG B 67 ReRRAH |
nmaye thendrt g4aN eeadily whdb2tMa tey ihae thendohfigafion Soiicil 2y magr dAedba sncorsdtated he

foregoi ng_enbodi nent_has still other advantages. For exanple, it is well
known thememazg dis82at ed with inventory control are increased as the

purter, o it ke RS SRTST Byh b DI of AR T ce e (1
gener agiyadb§WEbnd 8F 'ﬂ?éﬁﬂfénﬁ?y bfeSwitiR4he \Rgﬁlﬁ%e& Qle{?x%f io trég&‘écgc?] ?.“gﬁ? ééstﬁﬁ%n or .

I nventory, since an ultinat’e consuner be abl e evi ce
accor dexagnple if the paoksgedrievice ieg 56Mbelevice comnptissd oftdyeaif b£X28MDb idiey when iohe
size_ in.the foregaing enbodi nent allows_a manufacturer to rapidly

¢ b P e disiBile 9 tegkgaade e pckaead deyise T e CAnBERIELAS B NS an N SRt nd

bl
f - - - . . ] t . . | ..
v o BTR3N8 P 0K Efemti ) 55
confi gisrveell knowr fhlat EdstieasBodifted WithdBNatory ofeoTaiy ek éEas the GimiWer 8f distRATr Y

device, a 32 Mo x 16 nmenory device, etc.. Figure 4 is a block diagramof a
conput dems ymaiatainedo im dbeo ridvengoryoinsteaabds. arrcawse thenriferdzemgt embodifnent sllewsi on.

The copputer system 100.incl udes a ne device, 11 hat is onfi gured
usi ng. TREbty 3¥ 3HF Sideopt ey By RO Pk Ba o oHfdL Regdatp oo
vafq OUtapmtain& RPN TRRh&Pf %ﬁ&eaxpﬁl‘ﬁ?&@ cofRUERE WA 88 %b&%%%@ﬁ% viLe0
I ncl udes a processor 102"that pertorns various conputational “Tunctions,
such ascoerdingto nige speuinder’s eqbiremaene. tPurfher.f the nflexibility in the memory size in the

foregoing embodiment allows a manufacturer to rapidly reconfigure memory devices in order to
meet a sudden or unexpected demand for memory devices having a particular configuration. For
example, devices having the same structure may be maintained in inventory and selectively

20  configured to fill orders for a 128Mb x 4 memory device, a 64 Mb x 8 memory device, a 32 Mb x
16 memory device, eté..

Figure 4 is a block diagram of a computer system 100 according to still another
embodiment of the invention. The computer system 100 includes a memory device 110 that is
cqnﬁgui:ed using the bi-stable relay devices as disclosed in connection with the various

25 embodiments of the present invention. The computer system 100 includes a processor 102 that
performs various computational functions, such as executing specific software 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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specific cal cul ations. The processor 102 may al so perform various control
operations associated wth the operation of the system 100. The conputer
system 10Qg%RYs/@dssfs | NCl ude one or nore input devices 1%11 8o a
‘keyboard or a nouse, which are coupled to the processor 1 ?%5 Df?’\?\o
20051034176 PCT/ US2004/ 027918 allow an operator of the system 100 to
comuni cate with the system 100. In general, the conputer system 100 al so

i nclud r t hGes 6 1. sSo..cou d

or ocesaiy” B sl St il Stlent W08 esBiuliRE A o SOnERRIP  BbelR, g

di spl aybrifivdr G§stefTEOO4lso ithales @ha of nfvra oatpiledbwiess 1QB At areallOcdupRidas he/
coupled to the processor 102 to store data, or to 5 retrieve other data from

an extpoeessorddla Brecrubprs dewiges 06 may invkuded printet or datisual display dedes;i One 01108

i ncl ude, hard d/. di sks,., t¢ ttes, t. di sk d
ont y. riofth i torag devioes 108 B ispaEuy RIS g priess®y 108 ToRa i rs
MEIRPr Yre g‘btﬁlel' Hed ﬁbﬁuﬁpeﬁeﬁﬁp 84t2sto deAced 213‘ ?e%bzmepl?,nﬂe @@taasq&"agi dehitls to

permt dat 0 be witten and/or rea rom-t 10. Fromt
f or egol 08ymay invihide Haed apd'ore Aopyyediskd) adpe cakdeltesigindoaeatt disle ndaddinbememoriés 10
the inventi on have been descri bed herein for purposes of illustration,

var i ouUEDrBONs)e heamacassar 108ds tvpirallycovnied togfhe memory devisml { 6 threyghyg qongal

570 Sl U S B B PR 451 8 B R iR 56 e
embodi ments as Viglokn (HCRAIIRG Yvill tHeQapbraéRitdd ®at, i3thBesh sieRiticRdntdbdithéifls of

foregoi ng description of ‘“enbodi nents except as by the follow ng clainms. 15
131 0CL Ahkmnvestiohavnbeenatessybsiidrerein doppirposeg .of iustiatipuyt vasious oedifeationstpay
device; a data,_storage.device; a processor coggl)‘%d to.the_j nput device, the

out put PHERE MEHRYL dRiafag Arom 1 3BYiERPe PhHYERELY: FOh KR RgCaRin
aaer eSafi shBwfi A iHcLonRik? 0B SnbREAT thO invERITTN af BeSnANUARE int6 Bfer ©

and data S|gn§W§ menory devi ce coup he processor, e nmenory
devi ceembeditaents@s well. Accordingly, the invention is not limited by the foregoing description of

embodiments except as by the following claims.
15
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address, data and command busses; and at | east one bi-stable relay device

i nterposed between at | east one of the address, control and data buses of
t he processor and the respective address, control and data buses of the
‘menory device to selectively couple I'n% in at | east one of the address,
control and data busses of the proceégé¥3£% lines in at |east one of the
address, control and data busses of the nenory device. 2. The conputer
system of claim1l, wheyein Rhe at | east one hi- stable relay device
conprises one or nore M cr o®EPRRYES¥HFIBERYHIZ al System (MEMB) rel ays
formed within the nmenoayingigdeie;t o sel ectively couple lines in the address,
control and data busses of the processor to lines in the address, control
and data busses of the® WR¥HASY Gevi ce. 3. The conputer systemof claim 1
wherein the at |east ongatditoragd@Pice, relay device is coupled to at |east one

of an address decoder, a command dgcoder and a read/wite circuit in the
menory device. 4. The e8RSEPrcospleq Enthganpuf dyvifes the gk gyiqerfad die 4aast one

bi - stabl e rgbmay @eKkCle pRIBESESudNy ARSS beD AT dostdI Ml @Rd & idata Wt to
i nt erposed between the address bus of the processor and the address bus of
the menory dommEgicagiddess ¢piel andaip sigprlt he at | east one bi-stable rel ay

devi ce includes a data,GRRblyINRE cAPIQItS Hdipkocedsht BeRRIRAY B&IRERdife data
bus of the processor and the data bus of the nenory device. 5. The conputer

syst em of cl addesy dataped e@nnang Buerdass  configuration circuit and the data

configuration circuit %l@as?@x%iggbfecfelﬁy g%eh&ls’(p%eh%twe@ﬁ%l_@&t ohe d¥8ke 14 6.
The conmputer systemof claiml, wherei'n the at | east one bi- stable relay

devi ce conpradseess, goutehenbate byses glithamrasesser andhe reppeeiéveprddeess: sentnbend t he
control bus gf, Hi& Jfrtl%crg?rﬁ&& dgvrlge %@Qe&i‘%&% OlpIPHR s Eﬁ attl0Et JFR'TPIY 2fGUsCE. 7.

The conputer system of alm 6, wherein the contr configuration circuit
i s coupl ed tentoloodflptgbrsses ofrihecpspiessof tolinagin agleastione eighpaddesss syrttabandof cl ai m

1, whereint LYthE Gl rises nore than one nenory die, and the at
| east one bi &gatlg%{% rtePayhlﬁg/ c}eg?éer}r)posed

2. The computer system of claim 1, wherein the at least one bi-
stable relay device 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 and data busses of the

memory device.

3. The computer system of claim 1, wherein the at least one bi-
stable relay device is coupled to at least one of an address decoder, a command decoder

and a read/write circuit in the memory device.

4. The computer system of claim 1, wherein the at least one bi-
stable relay device comprises an address configuration circuit interposed between the
address bus of the processor and the address bus of the memory device, and further
wherein the at least one bi-stable relay device includes a data configuration circuit

interposed between the data bus of the processor and the data bus of the memory device.
S. The computer system of claim 4, wherein the address

configuration circuit and the data configuration circuit are coupled to a configuration

control line.
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bet ween the processor and the nore than one nenory die to selectively couple
at least one of the nenory die to the processor. 9. The conputer system of
claim1, wherein the nenory device conprises a DRAM nenory device. 10. The
~conputer system of clgim 1Th¥"‘38’r¥1§dt£} %E‘t@m”& i%h HEMiefén t&0m541§8& g. SRAM
nmenory device. 11. The conputer Systemof c a|n11 erein the nenory device
conpri ses asta-reley devike comprisey adﬁ@mrdeconﬁﬁlratmecm;@rmmemosesiy@thwdfle claimi,
wherein the geipiy o‘f'ﬁl\é'r?go%ess&oaffﬁﬁqu%%ﬁroﬁ‘bﬂ%]&% rﬁ&%?w efi@vice. 13. A menory
device, conprising: a array having a plurality of individually
addressabl e nenory Iocatlons the nenory cell array being coupleable to one
or nore signal busses, of xt C I il
configuration circuit |nte§g%sed8£ még%Mtﬁg ﬁ%ﬁgr% HQE?MRar% cggﬁ% t he one
or nore signaﬁmbussesm@ﬁwmhqﬂaM®emnahmd@vnmsmbdnwelectlvely couple portions
of the one or nore busses to the nenory cell array, the non-volatile
configuration circuit operable to maintain a selected state independent of a
connection to a powers. souﬂhecom#anhemmmemynMEVwmndmﬁmnmmmmwkﬁvmmherein
t he non- volat| confhgyratlon CIrCUI %¥ pPrlses Iea§t on gtable

relay devi c&® lirgeslglore'll Onen%?nﬁor?ﬂléi\llel &y onigl St%ﬁe FePn® leierposen vol atil e
conflguratlba“eufmumhmemmpmHSBSmomehmfmmmmamh&dmﬂmEbbﬁﬁ&ha&hmhhchamlcaI

System gﬂ%ﬁﬁ ) g selectlvel coupl e portions of the one or nore
busses to tﬁg Tén FIOHWP5§G$36 The menory device of claim15, wherein
the one or nore busses conprlse a plurality of discrete signal |ines, and
further wherein the N% ays selective M .coupl e t.he signal %;nes to the
menory cell array. 17. The e FEmpUtefet S ER Yt claimafoniesein dhe MRBPTY MISE i si ng:
comprises a DRAM memory device.
10. The computer system of claim 1, wherein the memory device
comprises a SRAM memory device.
11. The computer system of claim 1, wherein the memory device
comprises a non-volatile memory device.
12. The computer system of claim 1, wherein the memory device

comprises a flash memory device.

13. A memory device, comprising:

a memory cell array having a plurality of individually addressable
memory locations, the memory cell array being coupleable to one or more signal busses
of an external device; and

a non-volatile configuration circuit interposed between the memory cell
array and the one or more signal busses of the external device to selectively couple
portions of the one or more busses to the memory cell array, the non-volatile
configuration circuit operable to maintain a selected state independent of a connection to

a power source.

14. The memory device of claim 13, wherein the non-volatile

configuration circuit comprises at least one bi-stable relay device.
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an address bus coupled to the nenory cell array to transfer a sel ected
menory address | ocation froma correspondi ng bus of the external device to
the nenory «cell array; a data bus coupled to the nenory cell array to
“transfer data froma correspondi ng bus of the external device to the
sel ected nmenory addreds: | od88i®imIh deise HefBiy léelMherit die namvelglf ess

confi gurati géhfighratidt teie@PloffPrit? bhe RORbRS MibYEIdchahl-Me&afichll ¥ Ccoupl es

one or nore signal lines in the address bus to the nmenory cell array; and a
data conf i gUMEMS)releste selectivgysperie patienief distone o rhssisde 8oty coupl es
one or nore.gigpgl lines in the data bus to the menory cell array. 18. The

menory device of claim 17, wherein the address bus further conprises an
addr ess decoder, and the data bus further includes a read/wite decoder. 19.

The nmenory device of glai mT%Zmefn'dF}J&@fce SPHBH 5, Rlered tﬁé)&k ‘P!mo%ss%@upl ed to
the menory cell array to transfer selected control signals froma

corr espondi agMisise aoplurahy ek disermigl sighalilises, red dirtheravherein el MEMS: eplays and a
contr ol confsélglﬁ(,@};, h%lecthé ?gl[}afl lng:égltlcphgqle%g thg.cantrol bus that selectively
na

coupl es one or nore Sig ines I n the contro bus to the nenory cel
array. 20. The nenDry device of claim 19, wherein the control bus further

conprises a command dggoderp,, gl Qwﬁgmggg M§h¥ &Rﬂ&c&Hﬁ §§ menory devi ce,

conprising: a first nenory die R I'ng a |rs nmenory ity; 16 a second
menory die having a seocddressehmorcpuedhacthe yr,emarydcea arntam-tw@‘aqurlaese@guqm guration

¢l reult Ope‘}ﬁ%%?y Jd‘&w?é’fé@it%n}: ohf ¥ EorRE 098’15 bS’s ftﬁJ‘&tJr+aﬁ %&v&%ﬁ‘?ﬁeymé?ho?%rg”;' the

second nenor Pe 1o external ¢lrcuits t Tectiv y obtarn a ne
devi ce haV|nqlaHWh|rd nmenory capacity, the non vol atile conflguratlon

circuit operable to ”af'jmft‘&% Fougfeﬁ'tg%ee%e%t &Il ngt%ﬁga%gfter ta FrofORNECT 1 ON

to a power source. rvely conr evice of claim
21, correspondmg bus of the external device to the selected memory address location in the

memory cell array;

an address configuration circuit coupled to the address bus that
selectively couples one or more signal lines in the address bus to the memory cell array;
and

a data configuration circuit coupled to the data bus that selectively

couples one or more signal lines in the data bus to the memory cell array.

18. The memory device of claim 17, whetein the address bus further

comprises an address decoder, and the data bus further includes a read/write decoder.

19. The memory device of claim 17, further comprising:

a control bus coupled to the memory cell array to transfer selected
control signals from a corresponding bus of the external device to the memory cell array;
and

a control configuration circuit coupled to the control bus that selectively

couples one or more signal lines in the control bus to the memory cell array.

20. The memory device of claim 19, wherein the control bus further

comprises a command decoder.

21. A selectively configurable memory device, comprising:

a first memory die having a first memory capacity;
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wherein the first nmenory capacity is approximately equal to the second
menory capacity, and the third nmenory capacity is approximtely equal to a
sum of the first menory capacity and the second nenory capacity. 23. The
-sel ectively configurable nenory device of claim?21, wherein the third
menory capacity i s apprésandareaiopy g bhaingaseenid memopheapaqiysandnenory capacity

and the second menory Capafidi¥e cofigurdilh GERLEEHME ¥ CAPE AR bEmMEEMOr Y
device of claim?21, wherein the non-volatile configuration circuit is

further couphedéstmempryfligaad the yecond memerzidie tppxiernglsirewisye eclestiginpBaippom t he
external cirgcu t e | . L& 2 1 gyrabl e
menory devi ggem&[rfg%gcie lm;lll V\/rl1rgrrg‘?%drfﬁzépa%@ﬁ-ﬂ?/%ﬁoﬁlagﬁ%gdgﬁggrﬁﬁg?i&(})o‘rai”ci rcuit
i ncl udes at opeale tognaintpinaselgtsbdstate indgpeddent efen conmegtionth@ pewkrsoticeel y
configurable nenory device of claim2l1l, wherein the non-volatile
configuration circuit conprises one or nore Mcro-Electrical- Mechanical
System (MEMB) rel ays offer ablhe sadectiwripl @nfigurdide memdspt devesk oheldimr 8k, nenory

die and ¢ he AEAIN FRIRLYGS ek KIBSALRA S BYLLSN Bluol G aRl cotivel y

configurabl e nmenory device-o rising menory
di e havi ng and ¢her thivd meempiry cepepaC iist 3ppré&8natdih equad o raysutdevi te okt mémormn 13,
wherein the sel reversible. 29. The sel ectively configurable

- ca ac?)(l: ;[1 edqheS steatnednilS ory capaci . .
menory devi CBPASKY EarmeoT e MLy EPAYhe sel ected state is reversible. 17
23. The selectively configurable memory device of claim 21,

wherein the third memory capacity is approximately equal to one of the first memory

capacity and the second memory capacity.

24. The selectively configurable memory device of claim 21,
wherein the non-volatile configuration circuit is further coupled to a plurality of signal

pins to couple signals from the external circuits to the memory device.

25. The selectively configurable memory device of claim 21,

wherein the non-volatile configuration circuit includes at least one bi-stable relay device.

26. The selectively configurable memory device of claim 21,
wherein the non-volatile configuration circuit comprises one or more Micro-Electrical-
Mechanical System (MEMS) relays operable to couple either or both of the first memory

die and the second memory die to the external circuits.

27. The selectively configurable memory device of claim 21, further

comprising a third memory die having a fourth memory capacity.

28. The memory device of claim 13, wherein the selected state is

reversible.

29. The selectively configurable memory device of claim 21,

wherein the selected state is reversible.

17



