;e3eoll,,-$.L/060T1JV@ 1 7 March 2003 UPGRADABLE STORAGE SYSTEM FI ELD OF
THE |'NVENTI ON Th y@cl osure relates to an upgradabl e storage
system More param@“ﬂ@ﬁﬂmmmmmthe di scl osure rel ates to an upgradabl e
storage systemth S a vertical stacking connection schenme. BACKGROUND
OF THE | NVENTI ON The Mfaturi zati on of electronic conponentzhﬂ%%}f bl ed
simlar mniaturization 10 of many el ectronic devices such a

t el ephones, person i “, caneras, and so forth. As demand for

smal l er and smal | e?‘\\m@“mnmw devi ces increases, |less and | ess space is
avai l able within the Qg&&gﬁ for el ectronic conponents needed to operate
the devices. Many el ectroni c devices include nenory devices that are used
to store 15 information such as contact information, word processor files,
image files, etc. Nornmal | YPGRADARIIL STRRAGESS¥SEEVAS t hose nenti oned
above include one or nore nenory devices (e.g., solid-state devices) that
provide for storage of this information. Typically, however) the anount of

storage in these devices typrpy.bYOF THE XRYENTIGNt no provision is nade
for adding or replacing existing nmenory. Although it would be possible to

Y.
provide this 29 functiqnali enabl i n ser f Lnstance
Fepl ace an i nt PpafESist ABlobtet s B iR iRl et Vg DR DY
conputersz t he user uld be required to disassenble the el ectronic device
to add or teefiSclewire Helalfe ior3n URBREN Sforagfe SYXet HBls HigS| 2 dedicabtapidng 2 7
March 2003

connection scheme.

BACKGROUND OF THE INVENTION

The miniaturization of electronic components has enabled similar miniaturization

10 of many electronic devices such as mobile telephones, personal organizers, cameras, and

so forth. As demand for smaller and smaller electronic devices increases, less and less

space is available within the devices for electronic components needed to operate the
devices.

Many eclectronic devices include memory devices that are used to store

15 information such as contact information, word processor files, image files, etc. Normally,

electronic devices such as those mentioned above include one or more memory devices

(e.g., solid-state devices) that provide for storage of this information. Typically, however,

the amount of storage in these devices typically is fixed in that no provision is made for

adding or replacing existing memory. Although it would be possible to provide this

20  functionality by enabling the user to, for instance, replace an internal circuit board within

the device as with personal computers, the user would be required to disassemble the

electronic device to add or replace the memory. Moreover, due to the small size of hand-



hel d devi ces, there may not be enough roomfor extra nenory in that such
menory normally requires a larger printed circuit board. Fromthe
foregoing, it can be appreciated that it would be desirable to have an
upgr adabl e storage systemw th which the user can increase the avail able
menory of an 5 electronic device both quickly and easily. SLJ?)/N?R&1 THE
| NVENTI ON The present disclosure relatgs to an upgradabl e st aé tem
The storage system conprises a nenory device conpartnent that is adapted to
receive nenory devices in a 10 stacked orientation) and at | east one nenory
devi ce di sposed within the nenory device conpartnent. Typically, each of
the nmenory devices has electrical contacts disposed on its top and bottom
surfaces. The electrical contacts permt the nenory devices to electrically
connect 10, RO ifkre iy AotPSEESIURRroBhY RRIKIB nenRAF h TRARLMN HRMIHE
conprises an ARS device. "15 The features and advantages of the invention

w |l becone aﬁparent upon readi,n t.hg fgl | om ng specification, when taken
in conj urlfATaHY [G4RHCT Rr8E RERS S F1LO% Wi ngs. BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention can be better understood with reference to the

fol |l owi ng dr avkragstheXoregpiascidran henppraciated thal itawpwmlgsbeadesiralle odaesamri |y
to scal e) enphasis instead being placed upon clearly illustrating the

pri nci pl apgofdableestqrageseyntem witkiviliidnthe us8r ¢arlVhrcedas@ G@Javieildble inenwrpofemenat i ¢
side view of an upgradabl e storage systemof the present invention. FIG 2
i's a gched@donictdepick bW q@fcklyddehanage systemof FIG 1. FIG 3 is a
perspective view of a nenory devicé used in the systemof FIG | . 5 FIG 4
is atop view of the nenory device of FIG 3.

SUMMARY OF THE INVENTION

The present disclosure relates to an upgradable storage system. The storage system

comprises a memory device compartment that is adapted to receive memory devices in a

10 stacked orientation, and at least one memory device disposed within the memory device

compartment. Typically, each of the memory devices has electrical contacts disposed on

its top and bottom surfaces. The electrical contacts permit the memory devices to

clectrically connect to each other. In a preferred arrangement, each memory device
comprises an ARS device.

15 The features and advantages of the invention will become apparent upon reading the

following specification, when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be better understood with reference to the following drawings.
20 The components in the drawings are not necessarily to scale, emphasis instead being placed

upon clearly illustrating the principles of the present invention.



FIG 5is a bottomview of the nenory device of FIG 3. FIGS. 6A-6C are
various views of an ARS device that can be used as the nenory device of
FI.GS. 2-4. FIG 7 is a schematic viewillustrating field emtters reading
fromstorage areas of an 10 ARS device. FIG 8 is a schematic view
illustrating a storage nedi um of an ARS device. DETAI LED DE gﬁ%g;jON
Referring now in nore detail to the drawi ngs, in which |ike 4093

i ndi cate 15 correspondi ng parts throughout the several views) FIGS. 1 and 2
illustrate an upgradabl e storage system 10 of the present invention. As
wi || be appreciated by persons having ordinary skill in the art, this
storage system 10 can be provided in substantially any el ectronic device
whi ch requires nenory. Preferably, however, the storage system 10 is
provi ded i n aFpor1ablaeschémhigndddieled of ecupgadabldaviage sgsieh afstha prsbitl e

t el ephone, personal 20 organi zer, camera) or simlar device. 4 7 March
2003 I rr gsRRGSH. ve of the type of device in which the upgradabl e storage
system 10 is used, the systemtypically conprises a nenory device

Chat arc descrGeasaicyTEpas dev sl PSErBr oW A G oxanpl 6) the -

conpartnment 12 can be forned with a plurality of conpartnent walls i6 and a
5 bot t om sur f £6&- 3115 2 PPysPRRE MEW efifemerorydgvigaysed s thesygem ohFiardged in a
vertically stacked orientation as indicated in FIG 1 such that electrical
cont at i s madéGbtiswsepviewal thedpanenytdevieeof §iGddvi ce 14. The storage system
10 further includes a closure nechanism 20 that is used to close the nenory

devi ce conpar @S ishbottémivedvrbMNtha REnfRE akadd TFEGINNe menmory devices 14,
Normal Iy, the closure nechanism 20 can be opened by the user such that

access 10 can ppgs IBANGE afeQahiBes TENDLY af RRS RO BRAEI B Mised 2s tHeSmérory
di scussed bel o t he user can
device of FIGS. 2-4.
FIG. 7 is a schematic view illustrating field emitters reading from storage areas of an

10  ARS device.

FIG. 8 is a schematic view illustrating a storage medium of an ARS device.

DETAILED DESCRIPTION

Referring now in more detail to the drawings, in which like numerals indicate

15 corresponding parts throughout the several views, FIGS. 1 and 2 illustrate an upgradable
storage system 10 of the present invention. As will be appreciated by persons having
ordinary skill in the art, this storage system 10 can be provided in substantially any
clectronic device which requires memory. Preferably, however, the storage system 10 is
provided in a portable or hand-held electronic device such as a mobile telephone, personal

20  organizer, camera, or similar device.



increase the nenory capacity of the electronic device in which the

upgr adabl e storage system 10 is di sposed through this access. Specifically,
the user can add nenory devices 14 to the conpartnment 12 to increase nmenory
capacity. To ensure that the menory devices 14 do not shift unnecessarily
when the el ectronic device is noved) the upgradabl e storage %i@fysten110
can further include a biasing nmenber 22 such as a spring tha rghed03each
of the menory devices 14 agai nst each other and agai nst the closure
mechani sm 20. In addition to preventing shifting of the nenory devices 14,
this biasing nenber further ensures positive contact between each adjacent
menory device 14 so that the el ectrical connections therebetween are not
intempted. 20 As is further illustrated in FIG |, the bottom nenory

device 14 in tiR8spt@dofR yPECRIREH RHidhQh@BpgridBICREHRECIysIRNTIEE udd, Whi ch
makes el ectrical contact with the nenory 7 rch 2003”5 devi ce such that

this and . J I | her
el ot oni 1 SRL TeisAY RinkprteY : AR B BrthbleRel Haf RABRGESE fotscd
i nt erconnect .menper 24 conprises a plurality of electrjcal pathways (not
shown) t HAtralYRfe®Emey "d’l‘ﬁ"éc’t“s‘?‘F‘of“P seftpediie Hﬁitf"ba’?té‘l’ %FH’ ~b®tyt 8%( nory
device 14. Typically) connection is made to the pathways 5 with a

connect i oxamplsl the2empirameritd 2 shrebe formed thagrivrebityed compartreerdwadls 1@hrda r oni ¢
conponent (s). Referring nowto FIGS. 3-5, the nenory device 14 will be

descr isbedot(dit surfaéd €8.eMogicilly, Helnerddryt dtRiRE M raYe seased i HWBBiEdIEAckd® can
further include a plurality of alignnment nenbers 28 that ensure correct

al i gnnentor%}aﬁaﬁ?%@tﬁc {28 il "BIP su fﬁiaf:&gcn]iéal E0ntieeiOhqé BaweHRRh b BY

way of exanple, al i gnment nenbers 28 can conprise alignnment rails that

itioned jn.t f th tpent 1 h that t i |
ecur oty AT et 87 0P Gfote Ridrb 0 AR A TREs A st g AR s

indicated nmost clearly in FIG 3, the nenory device 14 preferably conprises
a seni corlfae telosn deayemernydevics cgepartameny 1% &x £qtain fad encapsylplgbe me:mosown in
FIG 3, the nenory device 14 typically
devices 14. Normally, the closure mechanism 20 can be opened by the user such that access
10 can be gained to the memory device compartment 12. As is discussed below, the user can
increase the memory capacity of the electronic device in which the upgradable storage
system 10 is disposed through this access. Specifically, the user can add memory devices
14 to the compartment 12 to increase memory capacity. To ensure that the memory devices
14 do not shift unnecessarily when the electronic device is moved, the upgradable storage
15  system 10 can further include a biasing member 22 such as a spring that biases cach of the
memory devices 14 against each other and against the closure mechanism 20. In addition to
preventing shifting of the memory devices 14, this biasing member further ensures positive
contact between each adjacent memory device 14 so that the electrical connections
therebetween are not interrupted.

20 As is further illustrated in FIG. 1, the bottom memory device 14 in the stack can be

connected to an interconnect member 24 which makes electrical contact with the memory



| S conprises one or nore |ayers 30 of a sem conductor material such as
silicon. By way of exanple) the nenory device 14 can conprise top 32)

m ddl e 34) and bottom 36 |ayers of this sem conductor material. On a first
or top surface 48 of the nenory device 14 is a plurality of first or top
contacts 40. As identified in FIG 3, normally each of these7ﬁ$$§20%§ 40 is
formed as a contact bunp that extends gipwardly fromthe top s 8 of
the 20 nmenory device 14. 13y way of exanple) each of the contacts 40 can
conprise a solder bunmp that is forned on the top surface 38 of the nenory
device 14 wth conventi onal 6 7 March 2003 techni ques. Normally) each of
the contacts 40 is fornmed in rows 42 that are forned adjacent the side
edges 44 of the nenory device 14. By way of exanple, each row 42 conprises

el even cogevied sucAQhARURR ahd dle othEremhembiyede¥REDESh Blevietteicdlfy eonngptddse Sotiiepur
si de edges 44) the device has a total of approximately forty top contacts

40. 5 Wt Qlc[:t%rﬁ% ?ﬁﬁontef?ts iffin &g e%lct?grﬁ? IB%LQQJ r@&Haﬂgl dtﬁg rirftgrg&m%a dmicR 94 MENTOr Y

device 14 sim conpri ses ura of seco or ttomcontacts 48.

By way of exanple) each of the bottom contacts 48 can conprjse_.a sol der pad
that 1 fGPREECCSA Pyl Qf PlgFce PR ob Ay hAL Patr=t e SReHS EBMSLAR onal
techniques. As with the top contacts 38) normally each of the bottom

cont acts 4@ bogtommfitacbottamemernorydevigh il €h Typicallyr congedtioads mednto thdpativyaye edges
10 44 of the device 14. Typically, the nunber of bottom contacts 48 is
equal §o whith aupdheectidn tcatde cahttaatt s dlectrivabipcdonmested ytodédwei othed £lestraitict hat
the top contacts 40 will nmake contact with the bottom contacts 48 when the
menory deggﬁg&e;,éf)arc arranged in a vertically stacked orientation such as
that shown in FI 1. Accordingly) positive contact can be nade with each

devi h I gy ' had
5 betweon cackentns §o8ob RS F5 e hmehCaLI T, GRNBE ARt TR, T

ordinary skill in the art) the nmenory devices 14 can conprise substantially
any sol i dTEEEPEE Qdilbed 1BapnIony devist cRmprgineaf 42 e furgher yilude a plurabiy of

alignment members 28 that ensure correct alignment of each of the memory devices 14
10 within the compartment. By way of exaﬁple, the alignment members 28 can comprise
alignment rails that are positioned in the corners of the compartment 12 such that the rails
securely hold the corners of the memory devices 14 to align them. As indicated most
clearly in FIG. 3, the memory device 14 preferably comprises a semiconductor package that
is generally rectilinear in shape. As shown in FIG. 3, the memory device 14 typically
15  comprises one or more layers 30 of a semiconductor material such as silicon. By way of
example, the memory device 14 can comprise top 32, middle 34, and bottom 36 layers of
this semiconductor material. On a first or top surface 48 of the memory device 14 is a
plurality of first or top contacts 40. As identified in FIG. 3, normally each of thesc contacts
40 is formed as a contact bump that extends upwardly from the top surface 38 of the
20  memory device 14. By way of example, each of the contacts 40 can comprise a solder

bump that is formed on the top surface 38 of the memory device 14 with conventional



be used by the el ectronic device. Preferably however, each nmenory device 14
conprises an atom c resol ution storage (ARS) device. ARS devices are
preferred in that) due to their 20 architecture, it is feasible to form
contacts on the top and bottom surfaces of the device 14. In particular,
unl i ke conventional nenory devices, ARS devices conprise se%ﬁﬂal 7.7
March 2003 sem conductor |ayers which gonnect to each other #1§hZ083 . For

i nstance) an ARS device nmay conprise a mddle |ayer having two

communi cating surfaces and a plurality of vias that extend to the single
comuni cating surface of the outer layers (see FIG 1). Wth such an
arrangenent, vias can be fornmed which extend through the outer layers to
contacts forned 5 on the top and bottom surfaces of the device. Therefore,

t he cont aghsiqaesn Noenellgeheh afahd sontarsvict éstmad thrawset 2ahatawd forigedddjdche devi ce
in a vertical manner so as to facilitate vertical electrical connections

bet ween fl?ﬂéiﬁ&?gdgi?\dh%ﬁhe mbfery fevitel 14 USY %&%f@é‘mbl@t @dcﬂ%wsitzrdéﬁip%& of an
ARS devi ce 100 suitable for constructl on” of "the nenory device 14 descri bed

Gesor bed VRl i Ayl VB AP miholNE8Es 14 RsHTR 60 BRI

i ncor por at ed by reference |nto the resent disclosure. FIG 6A shows a side
cross sedeYighbds afpeheiApPIgTEmally f%@(/&’éémi‘éﬁs indicated in this figure,
t he device 100 includes a nunber of field emtters 102, a storage nedi um
106 havi ng a MWinbesferoficesto dil@gs, aseeaxd 40Bgttoan surfacei46 rad oy mematyOdenfriedd scans
the storage nmedium 106 with respect to the field 15 emtters 102 or vice

versa. | RindldeK yea‘oaffphe@l; £paatiySecorRisiboitbAl ctiticR 432 ByPWay 6f & Ngidpl e for
storing one bit of information. Typically) the field emtters 02 are

poi nt - emotfh%rb%ttgﬁxvdoﬂgctg ﬁ? Yarp Qthpisk 'aRS1de LA thid lp Cﬁ}@g& B4 }ﬂ: JoRBin4irfRde 46

curvature appr oxi nat el y one nanoneter to nanometers Durin
operation otentlal dlffere ield

oD ea t COF U V&ﬁﬁt“%@t”q%g T AL épcﬁoﬁ‘%siiﬁ%bet Sy Bahn i o

surrounds it. Due t ) . o ) )
of the bottom contacts 48 is formed in a row 50 which is arranged adjacent the side edges

10 44 of the device 14. Typically, the number of bottom contacts 48 is equal to the number of
top contacts 40 in cach memory device 14 such that the top contacts 40 will make contact
with the bottom contacts 48 when the memory devices 14 arc arranged in a vertically
stacked orientation such as that shown in FIG. 1. Accordingly, positive contact can be
made with each memory device contact so that a complete electrical connection can be had

15 between each memory device 14.

As will be understood by persons having ordinary skill in the art, the memory
devices 14 can comprise substantially any solid-state device capable of storing data that is to
be used by the electronic device. Preferably however, each memory device 14 comprises an
atomic resolution storage (ARS) device. ARS devices are preferred in that, due to their

20  architecture, it is feasible to form contacts on the top and bottom surfaces of the device 14.

In particular, unlike conventional memory devices, ARS devices comprisc scveral



the sharp tip of the emtter 102) an el ectron beamcurrent is extracted
fromthe emtter 102 7 March 2003 8 towards the storage arcs 108.

Dependi ng upon the di stance between the emtters 102 and the storage nmedi um
10G the type of emtters 102, and the spot size (e.g., bit size) required)
el ectron optics may be useful in focusing the el ectron bearrz. Vo#&g(%e may
al so be applied to the storage nmedium-40G to either acceler tl\éfar

decelerate the field' s emtted electrons or 5 to aid in focusing the field
emtted electrons. In a preferred enbodi nent, a casing |20 maintains the
storage nedium 106 in a partial vacuum such as at least 10-5 ton. In the
enbodi mrent shown in FIG 6A, each field emtter 102 is associated with a
correspondi ng storage area 108. As the m cronover 110 scans the nmedi um 106
t o di f f eseemtorductat layers whactcéonandtito eachl@Rerivaitlpuias.t Fonmstasdeoere ARISf degicent
storage areas. Wth the 10 m cronover 110, an array of field emtters 102

can scanmayesmphiee aamaﬁeq&yem%ugwco&mmﬁcamng G FRIES taﬁdaﬁ Bluddhidy G¥'veas that

responsi ble for reading and witing information on the storage areas 108 by

roans of o Bl LHAR BRAMGIE BERINP e LTkl el L A) il 85 4302 21 e

preferab uce e ron beans re narrow enough
to achi eve the desired bi de Slt of the storage di um 106 i ch
provi de PFRSHTGRY VAR R lgey}oamec? icpeexfrad thropgh @ﬁtouf'Féng@@EF tPc?P"ﬁ)a%‘ég‘?‘ﬁvﬁygf rom
and witing to the nedium 106. A variety of methods are known in the art
whi chb ar en $hei topisnd bolemraukfaers of bt devied. dThereforeeithe q@macty eangbepeledtagallyd
enbodi nent, there can be a two-dinensional array of emtters 102) such as

100 by l&hnetted mathsthvcirbuian ofithd d@ticepintChertifal Indnneit 66 asred Bcitdtd véreitdl t he X
and Y directions. Each emtter 102 may access bits in tens of thousands to

hundr edsel@éméﬁl|cbh&@§oxﬂfbeg@eeﬁfs%l@éaede@fc€§5 108. For exanple, the emtters 102
can scan over the storage nedium| 06 (V\/m ch has a two-di nensi onal away of

storage ar eaSFIjC%g)&W ltll t%ltcp %e in Ier%lalt ¥tructure of an r&f{‘s 2(9 Q/i%:eglOO suitable for

construction of the memory device 14 described above. The ARS device 100 shown in

10  these figures is disclosed and described in detail in U.S. Patent No. 5,557,596, which is

hereby incorporated by reference into the present disclosure. FIG. 6A shows a side cross-

sectional view of the ARS device 100. As indicated in this figure, the device 100 includes a

number of field emitters 102, a storage medium 106 having a number of storage areas 108,

and a micromover 110 which scans the storage medium 106 with respect to the field

15 emitters 102 or vice versa. In a preferred embodiment, each storage area 108 is responsible

for storing one bit of information. Typically, the field emitters 102 are point-emitters

having very sharp tips, each tip having a radius of curvature of approximately one
nanometer to hundreds of nanometers.

During operation, a predetermined potential difference is applicd between a field

20  emitter 102 and a corresponding gate such as a circular gate 103 which surrour-1ds it. Due to

the sharp tip of the emitter 102, an electron beam current is extracted from the emitter 102



approximately 1 to 100 manoneters between any two storage areas 108 and the
range of the mcronover is 15 mcroneters. In addition) each of the
emtters 102 may be addressed sinultaneously or in a multiplexed nanner.
Such a parallel accessing schenme significantly reduces access tinme and

i ncreases data rate of the storage device 14. 5 A preferred g%crogB er 110
can be made in a variety of ways as |lgng as the m cronover 1 ¥k 2003
sufficient range and resolution to position the field emtters 102 over the
storage areas 108. As a conceptual exanple, the mcronover 110 can be
fabricated by a standard sem conductor m crofabrication process to scan the
medium 106 in the X and Y directions with respect to the casing 120. 10
FIG 6B shows a top view of the ARS device 100 and illustrates a

t wo- di neq@iaaalheatdrayt Héa BISOr RgRnding apod Ui distdnde Bemwwed tive rMmitral 0aanday of
emtters 102. To reduce the nunber of external circuits, the storage nedi um
106 can I 10 . : : ains a
nunber o?% s%%?g%@kggrga@lggQ%%c%ﬁﬁﬁ[&rgzg%%wg %h%?"fpé’}m%g’gfgﬁpgg%ﬁ i 'rb&IH'e for a
nunber of  rows. However, in such an enbodinent, e emtter 102 15 need
ot be ¢ EBALPBIE Ty ettt B PenREERrRET besres Y olseE mey Hsndeanriedy 102
can be responsible for the storage areas 108 within_ rows 140 through 142)
and wi t hite therioragst medism 1194 to pithen geceleage opdacelesata ther fiedd's egpiedglectrongecessed
by one emtter 102 typically are connected to one external circuit, for
exanpbe) to awbsinlfdudity thedield 4aitteloeledhdnes dn @ prefenad endrodamdn®8s cashrgg B0 t t er
102 responsible for that storage area 108 is activated and is displaced 20

W th the pHisthRItelordge Heditin it 06in SpLfiA98cAne 3udlDf at 1ead0107 tdfar ch 2003 FI G
GC shows a top view of the cross-section A-A of FIG GA and illustrates the

storage nedi urg, egerﬁﬁddﬂgern%hgﬁgﬁ i @1@% c@f 1e£cﬂ{axﬂx:t%:lpggs %&8&8@@%&&“ ed

beanms 112-118. aces of Irst™s eams are in the
G 1 ect | oRORFPONARGSPrEs REaN U Ao BaBiHRReT ALG Hans TR e PR SIPRYY espect
to the casing 120. The faces of the second set of thin-walled beans
locations, each emitter 102 is positioned above different storage areas. With the
10 micromover 110, an array of field emitters 102 can scan over the storage medium 106. The
field emitters 102 are responsible for reading and writing information on the storage areas
}08 by means of the electron beams they produce. Thus, the field emitters 102 are
preferably of the type that produce electron beams which are narrow enough to achieve the
desired bit density of the storage medium 106, and which provide the power density of the
15  beam curmrent needed for reading from and writing to the medium 106. A varety of
methods are known in the art which are suitable for making such field emitters 102.
In a preferred embodiment, there can be a two-dimensional array of emitters 102,
such as 100 by 100 emitters with an emitter pitch of 15 micrometers in both the X and Y
directions. Each emitter 102 may access bits in tens of thousands to hundreds of millions of

20  storage areas 108. For example, the emitters 102 can scan over the storage medium 106

(which has a two-dimensional array of storage arcas 108) with a periodicity of



are in the X-Z plane) such as 116 and 118. This set of beans allows the
mediumto nove in the Y direction with respect to the casing 120. The
storage nedium 106 is held by the first set of beans 112, 114, which is
connected to a frame 122. The frane is held by the second set of beans 116,
| 18, which is connected to the casing 120. The field enitte{s 102 scan 10
over the storage medi um 106 or the stogage nedi um 106 scans oVereh 2083t i el d
emtters 102, in the X-Y directions by electrostatic) el ectromagnetic, or
pi ezoel ectric neans known in the art. In use) witing is acconplished by
tenporarily increasing the power density of the electron beamcurrent to
nodi fy the surface state of the storage area | 08. Reading, on the I S other
hand) is acconplished by observing the effect of the storage area 108 on

t he el ectapproximately)| torl 00 heanoikeecd bediecnlaay el@sibrage aleea 8 and tidvengiadnizge ar ea
108. Reading is typically acconplished by collecting the secondary and/ or

backscat t gfeem&le? ¢ 19 MAcrhRirdn 1B h&RHESD RalESMNY dfitdrs! 199G hayPEEddrgasI LY 1S
applied to the storage nedium 106. During reading, the power density of the

or of or r och RBEPHADY g PR nifindroShelf pvdlif BREesiab Kuke SGlfdnay” °

structural ,state can be changed fromcrystalline to anorphous by el ectron
beans. THEAUEss PGS IENS 3k 1BCIRZRES da‘?'%ﬁ’fdﬁe dorge daviee i fferent S EEC and B EC
than the crystal line state. This leads to a different nunber o f secondary
and backscat t eAepfefsired mmicnemonnd 1t @darf bormaderia ztvarietyeolavaya as lodg aByhe
measuri ng the nunber of secondary and backscattered el ectrons, the state of

t he st or agtereherr | 98 hepsuhelenl @hgicring @€bolulion @6 pogtor thereldémiaeRrph@ver t 0 t he
crystalline state) the beam power density 5 can be increased and then

slowly degre@ped areld L@S. i ﬁ% &grﬁgﬁégﬁ %gﬁfl?lgb}ng ﬁﬁ&o%%?ﬂﬁ@ RO AR then

slowy cools It so that : to anneal into 1ts crystalline
state. To_change fromthe cr al l.ine to gnorphous st at th a wer
Gensity | SRR TGRS b RN Putsths it BB RO A0 BhtEat e Yoxampi o
of one such type of material is gier maniumtel luride (GeTe) and ternary

al | oys badiEgtiens viaghmespect to the casing120.

10 FIG. 6B shows a top view of the ARS device 100 and illustrates a two-dimensional
array of storage areas 108 and a two-dimensional array of emitters 102. To reduce the
number of external circuits, the storage medium 106 can be separated into rows, such as
row 140, where each row contains a number of storage areas 108 such that each emitter 102
is responsible for a number of rows. However, in such an embodiment, each emitter 102

15  need not be responsible for entire length of the rows. Instead, the emitter 102 can be
responsible for the storage arcas 108 within rows 140 through 142, and within the columns
144 through 146. All rows of storage areas accessed by onc emitter 102 typically are
connected to one external circuit, for example, rows 140 through 142. To address a storage
area 108, the emitter 102 responsible for that storage area 108 is activated and is displaced

20  with the micromover 110 to that storage area 108.



10 FIG 7 schematically illustrates the field emtters 102 reading fromthe
storage nedium 106. In this figure, the state of one storage area 150 has
heen altered) while the state of another storage area 108 has not. Wen

el ectrons bonbard a storage area 108, both the secondary el ectrons and
backscattered el ectrons are collected by the el ectron COlleC}M%- éiﬁgh as
152. An area that has been nodified w|J produce a different Frb
secondary 1 S electrons and backscattered el ectrons, as conpared to an area
that has not been nodified. The difference nay be greater or |esser
dependi ng upon the type of material and the type of nodification nade. By
noni toring the nagnitude of the signal current collected by the electron
collectors 152 the state of and, in turn, the bit stored in the storage

area can be i ¢entéd sRfvs 2pHlicw of thd Er'é§§-§e@h@r$AaACBfQﬂG BRAUNAAMISIARE the
construction of the storage device 14. In this approach, the storage nedi um

106 is bage dgs%redﬁng 106153 PR Y50 A0 SRS B o W;rrém 2003

juncti on, elec ronic

Al t hough FI?. ustrates a partrcular external circuit 20§%ﬁWL

appr eci atlég "EQ‘?&P{ lhﬁrfgStc‘F'r‘&fdf‘t“ valledrhsamg dee mdhe guf pirdiessush agk bdhl y. The
basic idea is to store bits by locally altering the surface of a diode in
such a wdistsetoef beank sayibe flexéd indheXalretioon ationong the nuedium E0Gtogeeneriatad by
the 5 altered region is different fromthat of an unaltered region. The

col | esti ondiedclibs ivtn @aspéditto theR@sihd Y20: aTHd fRéed of thedeédndaeh sTshihlvaalled 8edmon of
mnority carriers generated by the instant el ectrons which are swept across

the di odgydyied kP iz s %@&%9923?1@1@ i sé?%fﬂ&n%ﬁll%(v@%e rﬁ&ﬁ 'té me¥eir O

cause a srgnal current ow In the external circult In use, the
field enltt 02 emit narrow beans, 156 0of electr t.o ace of
the di oadioBitredisn il fentiebiortfe SREE 1hari e mrat, OR %r‘%%rsilr ear

t he surface of t he di ode 200. Because the diode 200 is reverse-biased by

t he ext el bgamg L2, 1 bhovhighhis cannestedity adeang ki2s Thedrameris hejd byithe gomy t he

incident electrons are swept toward the diode junction 204. Electrons that
set of beams 116, 118, which is connected to the casing 120. The field emitters 102 scan

10 over the storage medium 106, or the storage medium 106 scans over the field emitters 102,
in the X-Y directions by electrostatic, electromaénetic, or piezoelectric means known in the
art.

In use, writing is accomplished by temporarily increasing the power density of the
electron beam current to modify the surface state of the storage area 108. Reading, on the

15  other hand, is accomplished by observing the effect of the storage area 108 on the electron
beams, or the effect of the electron beams on the storage area 108. Reading is typically
accomplished by collecting the secondary and/or backscattered electrons when an electron
beam with a lower power density is applied to the storage medium 106. During reading, the
power density of the electron beam is kept low enough so that no further writing occurs.

20 One preferred embodiment of the storage medium 106 is a material whose structural state

can be changed {rom crystalline to amorphous by electron beams. The amorphous state has



reach the PN junction 204 are then swept across the junction 204.
Accordingly, mnority carriers that do not reconbine with majority carriers
before reaching the junction are swept 15 across the junction, causing a
current flowin the external circuit 202. Witing onto the diode 200 is
acconpl i shed by increasing the power density of the electron7§fagi§ﬂﬁugh to
locally alter the physical properties gf the diode 200. This r on
affects the nunber of mnority carriers swept across the junction 204 when
the sane area is radiated with a | ower power density read el ectron beam

For instance, the 20 reconbination rate in a witten area 250 coul d be
increased relative to an unwitten area 108 so that tile mnority carriers
generated in the witten area 250 have an i ncreased probability 13 7
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rate. The magnitude of the current resulting fromthe mnority carriers
depends ugetermingsl. Skcathengsf from ¢hesanorplisae tha ctyB@llinedcstateshechpamepower demsitnues
the output signal 206 to indicate the bit stored. Irrespective of the type

of men®rycdeyd eredsedumddhémslbWs, dgeeassdablids sicpeaagaecsdast aeatslhe ahfoeplpyst em
can be used to increase the storage capacity of an el ectronic device. For
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certain anount of nenory nmay be necessary taking stil1 photographs.
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necessar yhigh ey rangdstben Hapidlyodesseasedap Al eyanaple tqfeonca pichatyps, of mmatérial déo dat a
normally I S requires nore storage space than still photograph data. In
such a si geratniom tetittedeSeTe)cand ternary alloys based on GeTe.

10 FIG. 7 schematically illustrates the field emitters 102 reading from the storage
medium 106. In this figure, the state of one storage area 150 has been altered, while the
state of another storage area 108 has not. When electrons bombard a storage area 108, both
the secondary electrons and backscattered electrons are collected by the clectron collectors,
such as 152. An area that has been modified will produce a different number of secondary

15  electrons and backscattered electrons, as compared to an area that has not been modificd.

The difference may be greater or lesser depending upon the type of material and the type of
modification made. By monitoring the magnitude of the signal current collected by the
electron collectors 152, the state of and, in turn, the bit stored in the storage area can be
identified.

20 FIG. 8 illustrates a diode approach for construction of the storage device 14. In this

approach, the storage medium 106 is based on a diode structure 200, which can be a PN



purchase additional nmenory devices 14 and insert theminto the nenory

devi ce conpartnent 12 of the canera so as to increase the storage capacity
af the camera. By way of exanple, where the nenory devices 14 conprise ARS
devices) a nmenory capacity increase of approximately 2 gi gabytes can be had
with the addition of each 20.new nenory device. 'to aid the fﬁﬁ;ﬁg%hQ
correctly inserting the new nenory devize 14 into the conpar ? t he
menory devi ce and the conpartnent can include a key notch and 14 7 March
2003 key) respectively, (not shown) such that the menory devices can only
be inserted into the conpartnent in a particular orientation. Such an
arrangenent woul d ensure that each of the nenory devices 14 is correctly
aligned with its adjacent nenory devices so that proper electrical

connect i gwndtignhadchathye darencer afy other gapei eleslectmani¢ vphvoy eAitheugbohtGacd made
5 between each of the devices 14 and to reduce the potential for electrical
cont act hiusgtes atparticulat ederndt clvcuit 20D1dwilt by sppetided what thixddirci @rpvidad be
used between each nenory device 14. As is known in the art) this conductive

adhesi ve 1 } 1 | g} f i i or
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mat eri al can,b | aced i n-he n.t he nory. devices and) in particular, in
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surfaces, respectively. Although a biasing nenber 22 is illustrated as

bei ngsdi AYesedeginwds didisrant fmm Hat elorn wealisrod rgsionc Thesallgetpngtiigiengytfor s t o
be understood that alternative arrangenents are possible. For instance, the
rever se aninamntyecaemdrs ¢o defihcddeasuthe dractiombf ahindrdity calriess) genansed bpitbeniBnt

i ncorporates a biasing nenber that urges the nenory devices 14 15

downwar dlgfectrohdPwhith & ENEPt 28R AR dIOIRRNERNBNI04 When RtEE BlRERDy bh ck@rdap be
understood that the arrangenent shown in FIG 1 is only representative of
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enbodi nents sh herein and instead.is placed upon th )
errﬁtters %9 em?t narrow beams 156 oaf electroﬁs onto the Eur?ace o? the diode 200. The

10 incident electrons excite electron-hole pairs near the surface of the diode 200. Because the
diode 200 is reverse-biased by the external circuit 202, the minority carmriers that are
generated by the incident electrons are swept toward the diode junction 204. Electrons that
reach the PN junction 204 are then swept across the junction 204. Accordingly, minority
carriers that do not recombine with majority carriers before reaching the junction are swept

15  across the junction, causing a current flow in the external circuit 202.

Writing onto the diode 200 is a.ccomp]ishcd by increasing the power density of the
clectron beam enough to locally alter the physical properties of the diode 200. This
alteration affects the number of minority carriers swept across the junction 204 when the
same area is radiated with a lower power density read electron beam. For instance, the

20  recombination rate in a written area 250 could be increased relative to an unwntten area 108

so that the minority carriers generated in the written arca 250 have an increased probability



general concept of providing a vertical stacking arrangenent of nmenory

devi ces which 20 facilitates sinple addition of additional nenory devices.
Wil e particul ar enbodi nents of 15 7 March 2003 the invention have been
disclosed in detail in the foregoing description and drawi ngs for purposes

of exanple, it will be understood by those skilled in the ar Eéhﬁﬁo
vari ations and nodifications thereof cgn be nade w t hout deJt G (f P?om t he

scope of the invention as set forth in the follow ng cl ai ns. 7 March 2003
7 March 2003 16 CLAIMS What is clainmed is: An upgradabl e storage system
(10), conprising: a nmenory device conpartnent (12) adapted to receive
menory devices in a stacked orientation; and at |east tw nenory devices
(14) disposed within the nenory. device conpartment in a stacked orientation
in whi ch°€ FrEOTRBIRHIBy W HB \WiBRRLY sy Piforotiicydrve acthapicniorread ad grgss the
electrically connect with each other. 2. The systemof claim1, wherein
each of junetiore@t. y Hdned, @esndilas cafrent tflomsain thorexternad cirad| 483 wies tlisseedd on
opposed top and bottom surfaces (38,46) of the nenory devices with which

t he menpeglyciepibeads Rickieat ipof lalwritkARRAASOttRartkdh i01shRdidenBupohl® uaygitem of
claim11, further conprising an interconnection nenber (24[; that is

?lzgft riCakh hogoneGRERE! & RMsoPoskiBfe PHRA YwitEY! £i6dARictré ANRE Ll MBn Cabl e

5  recombination ratc and to write bits by locally reducing the recombination rate. The

magnitude of the current resulting from the minority carriers depends upon the state of the
storage area 106 and the current continues the output signal 206 to indicate the bit stored.

Irrespective of the type of memory device 14 used in the upgradable storage system

10, the system can bec used to increase the storage capacity of an electronic device. For

10  instance, where the electronic device comprises a digital camera, a certain amount of

memory may be necessary for taking still photographs. Accordingly, the camera can be sold

‘ having a predetermined amount of storage capacity suitable for taking such still

photographs. However, if the camera also has the capability of taking video images, it may

be necessary to increase the storage capacity of the camera in that video data normally

15 requires more storage space than still photograph data. In such a situation, the user can

purchase additional memory devices 14 and insert them into the memory device

compartment 12 of the camera so as to increase the storage capacity of the camera.
By way of example, wbere the memory devices 14 comprise ARS devices, a
memory capacity increasc of approximately 2 gigabytes can be had with the addition of each

20 new memory device. To aid the user in correctly inserting the new memory device 14 into

the compartment 12, the memory device and the compartment can include a key notch and



that is connected to the interconnection nmenber, wherein the connection
cable is adapted to electrically connect to another electrical conponent.
4. The systemof claim1l, further conprising at |east one alignnent nenber
(28) disposed within the nenory device conpartnent that ensures correct
alignment of the menory devices within the conpartnent. q&mnxéhggtof
claiml, further conprising a closureigrechani sm (20) that cl'oses menory
device conmpartnent. 6. The systemof claim1l, wherein the nenory device are
ARS devi ce. 7 March 2003 7 March 2003 17 7. A nenory device (14)
conprising: at |east one |ayer of sem conductor material (30); a first and
a second surface (38,46); a plurality of electrical contacts (40) provided
on the first surface; and a plurality of electrical contacts é48) provi ded
on the dewosepestivandaot shawaksushiba dhesmemionydeysessicar aaly begnsested antarahe
contact with the first surface electrical contacts of a simlarly

const r uchapanmomtriy agenicclar sticitatiohaSudhhen areamgenicrdevdubbanse@nhdread afahe i cal |y
connected in a stacked orientation. The nmenory device of claim7, wherein

the MeMGfométs\detRed $4 M cdtREetif QMR with itd BRjaBUR REMAY VR ihatBRGEI N the
menory devi cés each conprlse at | east one | ayer of “sem conduct or naterlal

a first seco sur,f ra trical ont a ovi ded
on the fe’lﬁlﬁrrlij C%l ac‘eOn a h a p uPae]a%h k%lteyceﬁvécets ri calMRESY %ggtcgnfé?lzr\??%ﬂed on

t he sec nd surf these contacts belng positioned so as . to nake . contact

wi t hSt heehreeatead of s deviesst 14 el Cordue e BRteniab fon tleﬁwl COnatt RFiAgd
menory device such that the nmenory devices can be electrically connected in
a st ackauteouptedit Zakisrcond@tivd ladhasbrengt stown) ecanfbeaisad edyecmicache memohe

el ectrical contacts of one of the first and second surfaces conprise sol der
bunps t hiavicexd.end iskiown'if fhd € tHiSsdndactivkadhddive: rBRBRAIYs Hhilstleineh8ets vher ei n

the electrical contacts of one of the first and second surfaces conprise
contact Padsal which %rb%b:utz&%cfonned to the general footprint of the memory devices such
that the material can be placed in-between the memory devices and, in particular, in
10 between the contacts 40 and 48 of the top and bottom memory device surfaces, respectively.
Although a biasing member 22 is illustrated as being disposed undemeath the
bottom memory device 14 in FIG. 1, it is to be understood that alternative arrangements are
possible. For instance, the reverse arrangement could be used in which the closure
mechanism 20 incorporates a biasing member that urges the memory devices 14
15  downwardly into the memory device compartment 12. Therefore, it is to be understood that
the arrangement shown in FIG. 1 is only represcntative of the type of arrangement possible
in the construction of the upgradable storage system 10. Accordingly, emphasis is not
placed upon the particular embodiments shown herein and instead is placed upon the

general concept of providing a vertical stacking arrangement of memory devices which

20 facilitates simple addition of additional memory devices. While particular cmbodiments of



7 March 2003 17a 12. An electrical device, conprising: an upgradable
storage systemthat includes: a nenory device conpartnent adapted to
receive nenory devices in a stacked orientation; and at |east two nmenory
devi ces di sposed within the nmenory device conpartnment in a stacked
orientation in which the nenory devices directly contact ea?q\g?} H?Q()?o as
to electrically connect with each othgg. 13. The device of cl w12,
wherein each of the nenory devices has electrical contacts di sposed on
opposed top and bottom surfaces of the nmenory devices with which the nenory
devices electrically connect to each other. 14. The device of claim 12,
wherein the storage system further conprises a biasing nenber that biases
the menory devices together within the nenory device cq ar(}C nt. 15. The
devi ce ofthe invention2havetheere discloprsl lﬁé’fﬁﬂ*'y'"d'@?if%@soﬁgé’cmg“gfg@? gg.“"“gs or
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3. The system of claim 1, further comprising an interconnection member (24)
that is electrically connected to one of the memory device and a connection cable (26)
that is connected to the interconnection member, wherein the connection cable is adapted

to electrically connect to another electrical component.
4. The system of claim 1, further comprising at least one alignment member
(28) disposed within the memory device compartment that ensures correct alignment of

the memory devices within the compartment.

5. The system of claim 1, further comprising a closure mechanism (20) that

closes the memory device compartment.

6. The system of claim 1, wherein the memory device are ARS device.
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a first and a second surface;

a plurality of electrical contacts provided on the first surface; and

a plurality of electrical contacts provided on the second surface, these contacts
being positioned so as to make contact with the first surface electrical contacts of a
similarly constructed memory device such that the memory devices can be electrically

connected in a stacked orientation.

10.  The memory device of claim 9, wherein the electrical contacts of one of

the first and second surfaces comprise solder bumps that extend out from the device.

11.  The memory of claim 9, wherein the electrical contacts of one of the first

and second surfaces comprise contact pads.
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contacts disposed on opposed top and bottom surfaces of the memory devices with which

the memory devices electrically connect to each other.
14.  The device of claim 12, wherein the storage system further comprises a
biasing member that biases the memory devices together within the memory device

compartment.

15.  The device of claim 12, wherein the memory devices are ARS devices.



