, e3e{Be{ " aDbF"cd6dTBebnCl 5 MEMORY STORAGE DEVI CE The Field of the
I nvention 10 The present invention relates to the field of integrated
Gi.rcuit nmenories. More particularly the present invention relates to a

menory storage device and net hod for Y t hree di nensional cro " ry
array. 15 Background of the Invention As the demand for int eym”mmﬂm ‘”@EMN
continues-to rise, manufacturers | abor to incorporate increasi ngly r
nunbers of transistors onto each die. Integrated circuit nenori es>%Pt en

ti mes have higher transistor densities than 20 other types of circuits) and
as a result, tend to push the |eading edge of the technol ogylmuﬂmmmmmm Ee
menories are typically organized into two di nensional arrays

menory cell in the array is intersected by a row conductor and a+xd@bxm
conductor. The two di nensional nmenory arrays are often tinmes limted in
menory cell density by the mninumfine widths of the 25 technol ogy used to
fabricate the array. As a result, inprovenents in the nenory densities are
achi eveéd when the ni ni mum MEMORY §¥BB§Q§ DEVICEnt egrated circuit process
used to fabricate the nenories are decreased. One popul ar type of nenory is
a read-only nenory (ROM. The two nost common types of ROV are mask ROVs
and field progranmmable ROMs. 30 Wth mask ROV, the information stored in
each nenory cell is permanently progranmmed during the fabrication process
and cannot be subsequently changed. Field programable ROV are not
programed during the 2 f abThe &ieldof the tmestiomnd are nore desirabl e
becausgothey enabl e end users to store a single part type which can be used

in many applications. One type of field programmabl e ROM i ncl udes nenory
cel | s whi ch havkhegpresentam@ntion retates 2o thedfield ot integrated piscietymemolies.st or age

el ements typically 5 have a high resistance to current flqw.an an be

progr amredMBE? B%l%}é"%"bf W@%qrgﬂyﬁ[?@mb?ﬁéﬂﬁfq & mamyy °f39%§?‘f'%%g%‘?vo| t age
across t hemgireragea HredBiftensictl So8s ot R@nfow Atrgyr ati on can be sensed by
application of a read voltage across the storage el enent and by conpari ng

the current passed through the programred storage elenent to the current

passedyd hrough a non-prograngg'gT il SR fhvehsent . One di sadvant age of the
two di nensional ROM arrays are ['eakage currents which tend to nmake accurate

menory reads nore difficult as the nunber of nmenory cells in the arrays are

i ncreased. For : : o LCahal t nmenory
cells in the ar%ayre g'vaé‘f’h?%@%yﬁ%ﬁggﬁ éfr%ggta H*l%#&?gﬂ%héﬁgbpfggfﬁ% a
par t i cul arlabortodmdrparateincrieasiogiygroater rumbers af transietorsantoeach dige i s
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det ect20 other types of circuits, and as a result, tend to push the leading edge of the
technology envelope. The memories are typically organized into two
dimensional arrays wherein each memory cell in the array is intersected by a
row conductor and a column conductor. The two dimensional memory arrays
are often times limited in memory cell density by the minimum line widths of the
25 technology used to fabricate the array. As a result, improvements in the
memory densities are achieved when the minimum feature sizes of the
integrated circuit process used to fabricate the memories are decreased.
One popular type of memory is a read-only memory (ROM). The two
most common types of ROMs are mask ROMs and field programmabie ROMs.
30 With mask ROMs, the information stored in each memory cell is permanently
programmed during the fabrication process and cannot be subsequently
changed. Field programmable ROMs are not programmed during the



the difference between the non-programred and progranmed configurations.
One approach to limit the | eakage currents is to separate the colum I|ines
i.nto 20 portions which are each separately addressable. To acconplish this,
addi tional peripheral circuitry nust he added to read and wite the

I ndi vidual columm line portions. Wile this approach can reduce | eakage
currents by reducing the nunber of unsel ected storage el enents connected to
each colum line portion, the nunber of nenory cells in the array nust be

decr eased é% _%ke room for, 25 the additional d and wite circuits. In
vi ew of t h@PHERHPS pr?‘l‘@rs@'\dsafﬁ"?@%’% b'%ﬁe?wﬁs POAHRPSHO has gr eat er
menory ce%rab%%@m%m@mﬁn%&&a&wa nfaHy fpligationsSurmary of the

| nventi on One aspéct of resent 1 nvention provi des a menory storage

devi ce and matI@@B‘Wﬁ@fﬂ@ﬂﬂwfgﬂm%WiWQBﬁ@%%@m whigh "éﬂVG second
menory 5 Cgliey &Bm%ﬁ?&nd" Y:‘Snfi‘oltc?) Bep W g@nédu st and
stant I'al Py copl an

second first difrension con uct or ar paral | el
and extf®endhave ahighrresistanestastwrent flow anidrogn bei pregrammenhts kavecolewuct or

| ntersect s tsﬁga P%&%ﬁ@wﬂ%ﬁ%&l?%h r%sfﬁ'le sté‘l‘ag g'b?néﬂcﬁmg first

di mensi on con ersec op € d Sec menory cell. A
first secopdgrimmeed comﬂgnmtdmcuamrbmmadbylappllcfatlan@éaoeau dvoltegesi on and

i ntersects_the p.end of th kst e n ond

i mens: on SURGREBIOTARe BIemett ant ok ool BRGNPl ReSe FRIEPIBET < e

bot t om endprafranirhed srragb @lermhvtoanb lcurréntfpasséd tHrough anorpsogramaeatiuct or
extends. in a third dlnen5|on and is positioned between the first and second

mam)ry‘FQ:el? WGM? ‘the first second dinension conductor to the 15 second
second di mensi @ne@iBadRInRige &rth@i\;v@gwuswnapnomaﬁrﬁys doagdnage Figure 1 is a

diagramillustratjng one ex enbodi nent | of st orage device
accgr di ng ‘t‘LHreﬂtﬁeWB'F‘gém to; ’H@'g?‘l’%%ateﬁ’%jﬂ?@ rgaqlssmgr%élﬁlgﬁﬁ é'¥‘ﬂ| agr a%

i1 ustrat i fgmedrs ols MRE @raye brelhcaBdOF é?a‘?rﬁrﬂél%é%w @fd havi ng
nmenory cells which incfude a storage el enent in series with a control

el ement. FEQume Ilces whigh praerssp@bmam@m/wlﬁ/ in therraysiravel therentiss lansthuefy
embodi ygentygfy, § ??‘row ald écﬁgrﬁﬁ'}be 3?%&43@&9&%%?#@@% Viltdgd!B are
I us Irs enpodl nent

Cross sectlon VI ews rating a a nenory-cell used
i n a nenorig appliadhgthed starage eleents pagitiomed ladongrtbe ¢ow lineoealongthe Fi gure 5 i s
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Figure 6 ithedliffarerss mtwbsnthenanvwproftanihed and gragraimed comliguiatiems. of a
inwranr/rg;%/i gﬁl_ (SneliJ gggroa& ﬁ) Ilmlme%egﬁa()greac?ﬁre% svlls g sgpcacrg{e%g%o umnt lpnees "_r“gs ent
20 portions which are each separately addressable. To accomplish this, additional
peripheral circuitry must be added to read and write the individual column line
portions. While this approach can reduce leakage currents by reducing the
number of unselected storage elements connected to each column line portion,
the number of memory cells in the array must be decreased to make room for
25 the additional read and write circuits.
In view of the above, there is a need for an improved memory which has

greater memory cell densities and reduced leakage currents.



Figure 7 is a cross section view illustrating a first exenplary enbodi nent
5 of the colum |ine segnent stacks. Figure 8 is a cross section view

il lustrating a second exenpl ary enbodi nent of the colum |ine segnent
stacks. Figure 9 is a top plan view of, the second exenpl ary enbodi nent
illustrated in Figure 8. 10 Figure 10is a layout view of a nenory carrier
in accordance with the present invention which incorporates the three

di rensi onal nenory storage device iIIustrated and descri bed above. Figure
11 is a block diagramof an ectronlﬁi VICE in accordance with the
present invention which |ncor% Hg VBNERM i mensi onal menory storage
15 device illustrated and described above. Figure 12 is a parti al

perspective view of an edded nenory array in accordance h the present
P Event  on whi oIS e, LN raseat FWPRLorRRLES BBS MRy AIPPORUSage devi co

Ll 1 ustrat eshcim@tHéas Q'Hebﬁé'ma%f&aga@e%é‘mdlﬁés@fu@f aﬁmgec%nafrﬁérheﬁ}

Enbodi nents In the foll ow ng detail ed description of the preferred

enbodi rent@ell whigh-pagitkavesa taprnd and & bokiers @rga A\ firstand %ﬁmgé"%l ch forma
h
part here cfhmeﬂE&R canmﬁ%%uﬁgﬁma@ycoﬁg&yagén% Péfﬁ%lr .Qﬁ?ﬁd)ﬁcd Ifu’sﬁe

enbodi nents 1'n I'nventi actice Isto
under st ooddimeasioot e fiestificstidirnensiomegnductaninteisects thenbotomwendwf the or | ogi cal

Cnvenc: on HstEelBiedt 4k sEERRLASEEmERSBh AR GEEr Bttad PRRET T e
é a]Ic<_en i nbaedtd ofithe agcmm{jme?woa/‘mbllt rﬁeﬂm_tsqmndfdimbﬂsim gsmddctdr_raxmtdsdfmti s
i ne e en C i gure i i rati ng one

eienpl yy%ﬁg?&\%%'ﬁ'?gﬁ?n gnﬁgﬂ%ﬁsgc ?%éee e?]it@%ﬁ'fg"geg'i%glg%é”?% t he gr esent
ST acks 28 S ot Tl aatr “"?*23"““““"’“”;1%“;? ot amct b oyt ow Ll nee 360 n
ShaltT1 aotteresste B Rt e ol spdirk Ry gpL & fish Birctimatiion | ho® oo

| i nes whi cdbndliétos Birehad in @ihird diriBhsioR and ihdditionbl Dletvidesh wistfistéindn a

di mensi on X, as i ndi cated by arrows 50, to jntersect the colum Iline

segment st38cRad memany call F%?O%'ﬂ)tf’élfﬁﬁtrﬁeé’onq dimension Gandyctostatig 5 each
i ncl udg; anypcepHi s rﬁ!&]HﬁHﬁbn%ﬁrbMN' dual rowlines. In the illustrated

enbodi ment) three base columm |1 nes which extend in a dinension Y,

perpendi cular to the X dinension as indicated by arrows 50) are illustrated
at 36a, 36b, and 36¢c. In oghgfps Aehihe Daleigs can be any suitable
nunber of base colum |ines g g? hbbase colu line 36 is coupled 10 to a

correspondi ng sense anplifier 38 so that the correspondi ng sense anplifier

38 can read datF%I_réQ% TR dmifflstratihg 6RS BRerhPlah SmbOkikfsRPgr4! N9 col umm Tine

segnent st acks
20 memory storage device according to the present invention.

Figure 2 is a schematic diagram illustrating one exemplary embodiment
of a memory storage device having memory cells which include a storage
element in series with a control element.

Figure 3 is a perspective view illustrating one exemplary embodiment of

25 the column line segment stacks.

Figures 4A and 4B are cross section views illustrating a first embodiment
of a memory cell used in a memory storage device according to the present
invention.

Figure § is a cross section view illustrating a second embodiment of a

30 memory cell used in a memory storage device according to the present
invention.



Each colum line segnent stack 26 includes at |east two nenory cells 14.
Each of the nenory cells 14 are intersected by a unique rowline 16 within
15 the row lines 16. The nmenory cells 14 within each columm |ine segnent
stack 26 are coupled to either a corrgsponding line 32 or line 34. Switches
28 and 30 coupl e, respectively, corresponding conductive pillars or
conductive vias 32 or 34 to base colum line 36 so that the nenory cells 14
within a selected colum tine segnent stack 26 can be read by the

correspondi ng s Lfier ) hes 28 and 30
are inpl ement edﬁgﬁlt%h@[g%hé%g?%%@n \)I'eﬁ'v @'ﬁ%@?&% Q?Fﬂqq’meaat“r‘g sistors 28130
are conpl emntayxcelmsad in@umemonestorayecieviceradcoiding tothapsasenbrs. Figure 2 is
a schemati¢ di a ramillustrating one exenplary enbodi nent of a nmenory

st or age delVeRUHhbyi ng nenmory cell's 14 which include a storage 25 el ement

141 in series Vilred7 BAUEOSS sELtRMRBwW Mistrating 4 fvat exdrusihredrabodimendi ment )

each mepory cell 14 is coupled to corresponding base colum Iines 36 and
sense afpl PH“B@“’(E@ ling spagmend staskBespondi ng switch 28 or switch 30. By
selecting eit heFlPél‘@é & &%s@&eéﬂ@nt\ﬁéw ﬁlﬂstrétﬁ@ é&éﬁoﬁd@‘xeﬁﬁfd?y nmenory cell 14
within a colum Tline segnent stack 26 can bé read by a correspondi ng sense
anplifier gmbgelmantotmeqolumhm@segmmkﬁem menory cells 14 are coupl ed
bet ween a row | ¢l ines 16a and
16b are S I||ﬁl:,l| r;f'esgd]{é?a‘}l%b'y%é:@§ %ﬁg:gr%ge @y Ifnﬁééﬁ 16 within a
particul ar |IIL|s!vzﬁbdaTEigBLdaﬁzt antially copl anar and par aI I el and extend in the

Xdirre ion, as arro trated at a
first I vel vvh|%' ﬁ%ﬁ%’%@%%&&&ﬁ ﬁﬁ?@gsﬁig tHén t he
illustrat epresebndvemimh whicH iunnrpbrates thestheaditendiBnabmemdryi stotage Y di nensi on
which is p i cul.ar t t he. X dimension as indicated by arrows 52. The
columm i n§°@ ﬂgﬂt&tqug 9ﬁ8°’P§H azgog illustrated at two | evels which are

bet ween and bell@igurreow isiantsieckl fiagrant bf arpblectorlic déviee BnadtiorddhceWithr sect s at
| east one nenory cell 14. Th ﬁ coI um | ipe segnments ar eq& %l ded above
col urm | i nk'ed¥g ﬂ@’eﬂfi’&" whighdncorgeratasdhe ihre ’HQW'@EH'Q"? @Wfents 18a.
In theqygl | g?m cells 14 are provided at three |evels
whi ch jel?e P%f%?g?gaﬁg?ﬁﬁﬁ%%nbe Zaand are defined in a third dinension Z
i ndi cated by arfrigwe Bis al\mﬁbalpemepgvemawmf B0 SMbaddad memeryarrayin ar e
coupl ed befyesh, | cells
14b 15 il %st rat \%I{H evé%%&ﬁgrggﬁdg{oﬂgegJ{%B)%&%%Frégatwér&%grrents 18b
and row | i nemmatora@amwcecl&mst@tqdmnd desesibedebavent | evel 24 are coupl ed
between row |lines 16b and colum |ine segnents 18b. In the illustrated
enbodi ment, each colum line segnent 18 and row line 16 intersect a
partic20ar nmenory cel | Déscriptionidf thesPrefereatl Embodiments i s abbreviated to
better illustrate the scope of 20 the present invention. Those skilled in
the art will appreciate that nenory

in the following detailed description of the preferred embodiments,

reference is made to the accompanying drawings which form a part hereof, and
in which is shown by way of illustration specific embodiments in which the

25 invention may be practiced. It is to be understood that other embodiments may
be utilized and structural or logical changes may be made without departing
from the scope of the present invention. The following detailed description,
therefore, is not to be taken in a limiting sense, and the scope of the present
invention is defined by the appended claims.

30 Figure 1 is a diagram illustrating one exemplary embodiment of a
memory storage device 10 according to the present invention. In the illustrated
embodiment, an array of column line segment stacks 26 are illustrated which



storage device 10 can be fabricated in other enbodi ments with any suitable
nunber of levels extending in the Z dinension and with any suitable nunber
of nmenory cells 14 per layer. In the other enbodi nents, there can be any
sui tabl e nunber of row lines 16 extengding in the X di mension or colum |ine
segnents 25 18 extending in the Y dinension. In the illustrated enbodi nent,
each colum line segnent 18 within a particular colum |ine segnent stack
26 is coupled to the corresponding switch 28 or switch 30. Adjacent columm

s ot R0 SRCrE ARGy B 0t 1€ g HybPatdBsRRlnSb K IR.  ow | e
16 can be 1eredichiintiadd at lesstewoecwun@s which @ine 8fbstantially coplasdr. aridh t he
cell.. 14 incl udes nment 141 in

iIlustrated d t t
Seri os. wi PATISLEN PEPNA MEAGRTSNR X195 BHEAISHANATRNA 5O, 4 ESIS9eUbE  nge

el ement  14blumithngiagynaght 3kicks RES SihaﬁmeodmnW%@fm@thGad he control
el ement. 142 includes a tunnel junction control el enent. In one enbodi ment,

t he coft r @achkinchideranyfuitablepumbar ofindividual rRw iNgsyst r at ed enbodi nent ,
storage el enenjy iaémus&afadclﬂﬁ@aaﬁénpmée (e zbmamamawmimaw Ml t age

across menory ce 14 to resi stance menory cell 14. In one
enmbodi memdlmemmorst/op@rgen@c@ﬁemtheé&djmenga@nmg "ﬂﬂl@@}ﬁdhmow 598f8 gured to

tor age. eMusliBfEd 2 385 31 50a sBe! fy WGP oRpbgRien(Q heteBah Do) T 101t ter
bei ng pr oguiahie dunbec ofifasguaobuinn bnemaﬁ cBach basaemnimmn]me 8643 couptrtk val ue
hen 4ge. 1EatoHabl A SaBBUbARoPSH 5T I Sl RIBERoRh SURMY addfngnd cont ol

el enen pr ogr amin ween one and
t hree voI B@cahneamdatarftmdmmmy celielocatad iv e eogrspending solumadinene volt. In
one enbodi nsr?l t%t resi stance value is one negaohmor nore. In one
enbodlnenF ﬁg g reS|stance value is 100 kil ohns or less. 15 I n one

enbodi gEnt) thgafﬁ oml&gm limosaghient staclgas urgﬂudad atdzafdsetvm guemdryceéllsjy .

nonconduct,i v re bein ro rammed and i s confiqured.to ectrically
conduct i vd a%aéﬁt’gm%fge g@ re; 'We@%te@%cﬁjﬁ‘% @ rowling, ﬂg“’(‘,’gﬂ s 14 are
for meqs0f tReroRl fds" 16c &t Hé’mbﬁﬁ)‘rysééltéemrwmﬁﬁ e8th BOILAR 1ind s‘é@ﬁfehﬂélh@ﬂ to

i ndicate a resistance val ue when the read voltage is ap ed across nenory

cel | 14. 28 2¥9coupied t%ﬂ'ﬁt?d@r@ﬁﬁ?%ﬁ@ﬂn"ﬁﬁaﬂ%ﬂy"m4 §W"¢"Fﬁ§l Qﬁj%%d 80resi stor
in seriescqybib rtegg?(ﬁﬂagr %rréﬁg?ﬂﬁﬁ%ocoha%(gpﬁ pi%#&éﬁ%@&.%ﬁ@%ﬁ% the

resi stance state el ect rm ne appl ying a
read vol t 8440 haseselumarine36:sa manﬂnemnwmhs il Agvithinea seleetedicolumn 11 ows

045 TYRB G ke P 501l e BRIl RATIRC 1 L2

or resistance ue of a Se (not shown)
sel ec28 aonewnitiodandrg, $witahes 28iang aamenmplelmemedmltm tramsistors. dgeoneot ent i al ,

her ei naf t cted ro es 16 are coupledtoa
Virtus oPBearGay e AngRlels aa A BaeRrate Mel Bienc olr . ot
transi st oserix&:onducttoa(mnesptraﬁﬂstow responding to the colum |ine segnent 18
30 and base co}=l ! %i ne %}6 oft.ctdge rsel E‘?‘Pé%ﬂ mem)raﬁﬁce‘ | 14 hﬁi\éfﬁ"? positive
vol t age appli edot S S"u?f PIRECHTY 8% f Bg OBF §ARTP %9@88 18 to the
cor r espondf agnemary stwagerdevice)badg namary gellsht4 which ingledend istoragesense
anpl i Eser Blement 141 in series with a control element 142. In the illustrated embodiment,

each memory cell 14 is coupled to corresponding base column lines 36 and

sense amplifiers 38 through a corresponding switch 28 or switch 30. By

selacting either switch 28 or switch 30, the state of each memory cell 14 within a

column line segment stack 26 can be read by a corresponding sense amplifier

30 38.
In the illustrated embodiment, memory cells 14 are coupled between a

row line 16 and a column line segment 18. The row lines 16a and 16b are



8 38 hold base colum |lines 36 at the voltage potential Va. Since the

sel ected nenory cell 14 is coupled between the colum |ine segnent 18 which
is at voltage Va and the selected row line 16 which is at voltage V+) a
sense current i s conducted through nory cell 14 and the corresponding
base conductor 5 line 36 to the correspondi ng sense anplifier 38. The sense
anplifier 38 is configured to provide the state of the selected nenory cel
14 based on the conducted current. In the illustrated enbodi nent, the

unsel ected ro ines 16 and the selected se.colu | i 6 _and col um
line seg ‘l’ﬁ"a?,%i QQQ’OH@Y%SA’ efaLeqen (Y 'f%?gﬁévﬁ“@m%ﬁmt'wgg@éég operation to
limt unigbermbdly cstiaee andpasdllesand extehe imheOdimerdionpas dlicateds e
anplifiers 38 during the read operation. In various enbod'lé)@ts, t he nunber

of col unTb¥ AFWS; 82, inpg 1Raare Alugtrated @t adirstlevabwhicn 15 b 8nent st ack
26, as MRAEH z articul ar

col um ﬁdgo;ﬂié&n\)‘gﬁ?ﬂﬂﬁﬁlgﬁ gfsg'pti me;’ilé é[alct)é*q %bﬁmﬁ%é’iﬁi@gg currents
coupl €d tsegmants18epientliinthedd dimensian which isperpepdicular torthe X gure 3 is a

per specti Lew . ' Iy | ol um | i ne
segnent S@&g}égl‘aﬁ’ S “lﬁ‘?"g%}?@bg%?'f’%gstzfat esé%%%gﬂgggéfﬂnﬁ&%i@é ésnggr?g)nt stacks at
26a) 26b aedi@GatedrRtiwbilevets whieh aralbdtdieenant balow rmw linasals. oEaclonduct or s

bot t om o1 MG Wie Aedrenlt BlerShont 3] Rl eToo el e i Tine"sdiRe 38 S ch are”
an array sggniemsiugh arespravided abovecolamndihesegmerdtsci8avandhareaatignéd whi ch

i ntersects, either a top side or a bottom side of nenory cells 14. Figure 3
i 11 ustd arh ?ﬂﬁ@"é‘&@ﬁeﬁg‘ﬁﬂgy1%| | 14 is intersected by one row |ine 16 and

one colum [i m]?trﬁegiﬂﬂalfﬁtedSTn_bbﬂin@nh,ﬁﬁemaﬂiéﬁllgﬁﬂta‘ie pﬁtf\/_mvd auiéﬁe%bl ﬁ
arrangenents of colym |ine segne and row. |l ines Wi t
porrespon‘ﬂY"ﬁ@W rg inqigated EhEQr%?g@-J‘ éé%’?f?%e( fﬁ?&i‘fbag&'@p&”}ﬂnsme present

i nvent i orz indicatscPBy 4riows 824 Renicty CoRS $45HGStrANRBd ¥t BVE] 20 Aresdoupledng a first
enbodi ment of a nepory cell 14 usef in a nmenory storage devjce according to

d
the presc?RIWPSR EHY [iRas 168 3t eumn linp gegments; 186 Mermoviealisd4eh memory cel |
14 1914 nti%ﬁ@%@&&é&bl@@%r@kﬁﬁﬁléﬂB@M@én%‘mhﬁﬁraé96 éit¥18b Apd ¥6wand a col um

line segnent nory cells in various enbodi mehts are electrically

coupl ed dinea 168p Marierytcelis d4cilustrated at legel24mrecoupledhetvern wwhot t om si de to
row I ines; 16,4aRl~at : ' C ' d at a top
side to ﬁgkglﬁﬁggﬁfgﬂnﬁf%efgégji&ﬁfltlgtgt ?}Ia g’gnd{;ﬁ?ﬁeﬁ%ﬁ%ﬁ%{! %%ﬁeﬁtorage

el enent leblureh e segraemtyl Scandxording 6 ietersaat agarticularonemoyroed| 14, unct i on

colum | i ne canedfifwahbhtbameft § FBreyitée|odiel ik ¥ s6abFe °
el ectal pghbprmnpineelnttam. rkhosbiskiled h thearbwil @pprediatd that Besnonyodes 40) 41 and
42 provi

a | ow resi.stanc ontact to control elenpnt 142 d storage
ol enent Siaags Shre b 2R ey BiiEE st attbafmpls W 2o sieB& | ot hr ough
menory calumbet of leveRtdxdndigrindheErdimension ahd withang Guitdble dumbdr af € 10 not
used. Figure 4B illustrates a cross section of Figure 4A along |lines 4B-4B
to memory cells 14 per layer. In the other embodiments, there can be any suitable
number of row lines 16 extending in the X dimension or column line segments
25 18 extending in the Y dimension.
In the illustrated embodiment, each column line segment 18 within a
particular column line segment stack 26 is coupled to the corresponding switch
28 or switch 30. Adjacent column line segments 18a and 18b are not coupled
to the same switch 28 or to the same switch 30 so that memory cells 14 coupled
30 to a particular row line 16 can be individually selected via switch 28 or switch 30.
In the illustrated embodiment, each memory cell 14 includes storage

element 141 in series with a control element 142. In one embodiment, the



illustrate that row line 16 extends in a first dinmension and colum |ine
segnent 18 extends in a second di nension, wherein the first dinension and
the second dinension in the illustrated enbodi ment are perpendicular. In

ot her 15 enbodi nents, row lines 16 and colum |ine segnents 18 are not

per pendi cular. In various enbodi nents, the process illustrated in Figure 4
Is repeated to stack nultiple layers to formthe colum |ine segnent stacks
26. Figure 5 is a cross section viem/illustrating a second enbodi ment of a

menory cel | 14 u ry. r evi ording. t present 20
ovent i on siorade BERant daf s ancAE ARG elehiert o i RmbBeintshy B8 & oF
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exposedrow25llne 16 in the bottom of wareglon I's oxidized to form
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6" and o' BebKeA orEand iy Vs, di ong erBORBTOIcMGVERd NAUAGRI IEBS B 11 o
18. In vardn@wﬁureaﬁé)dmﬁeammtthmmw&ndé Vvahed rsaér@cknbga&irﬂbfe 5is
repeated to stack multiple layers to formthe colum _|ine segnent stacks

26. In varYls r@ﬁ%emtpeﬁment.r A/speond registange valugris 100 kilohyes ﬁéh’ﬁs 18 are
for meqs0f 1RbHE6MHbEHINRPRG stothgs Bleffonls c'Hn'hBM%d t8'beidtficaiy nb

conductive netals or sem conductor nateri al I n vari ous enbo rrents) oxi de
| ayer 72 icondurtivebetate beingpjogrammasi @ndans(s@nﬂgwamtqbemrmlm mat eri al

u 58 el o brock . Y9 prg A ARl ) 2 al um
oxi Feél' gerfmrmadnhammletﬂncailwemﬁmmaﬂenalam)ch lse;mwgunedrtomdl@te a| eI ect ric
!0 R 58 BB  heVe SST L L 5, an

di el e@0ri othemembodiments, dachmemoly cellitddhtleded eo&mstoamlspnesnwh ahe ve

mat eri al s ' ' ude, but are not limted to, a wet or dry silicon
di oxi de (§$€%@%‘éﬁ%}"tride material including silicon nitride,

t et raet hyl or t hirsthbiiltstratedSmisadihbnt, thebeistamee dtaia b_ﬁlaseiemzaldtmmgryoxi des
]; g;g?gr Py cell 92 ?soé Itterln%geé 83 lé'pE)llylrrlt a]c rregEP v%nggedggrgs IQnSeIrrEAr)(? 29 M4 ang EGS gas in a
measuring the current that flows through memory cell 14. During a read
25 operation to determine the state or resistance value of a selected memory cell
14, a row decoder (not shown) selects a row line 16 by coupling the row line 16
to a voltage potential, hereinafter referred to as V+. All unselected row lines 16
are coupled to a virtual ground voltage, hereinafter referred to as Va. The gate
of transistor 28 or transistor 30 corresponding to the column line segment 18
30 and base column line 36 of the selected memory cell 14 have a positive voltage
applied to couple the corresponding column line segment 18 to the

corresponding base column line 36. During the read operation, sense amplifiers



20 borophosphosilicate glass {BPSG, phosphosilicate glass (PSG,
borosilicate glass (BSG, polyamde film oxynitride, spin on glass (SOG)
any chem cal vapor deposited (CVD) dielectric including a deposited oxide
or a grown oxi de, any physical vapor deposition (PVD) dielectric) or a
sputtered dielectric. In the illustrated enbodi nent, row line 16, oxide
portion 60 and netal 25 |ayer 66 formthe control elenent 142. In the

il lustrated enbodi nent, netal |ayer 66, oxide portion 70 and colum |ine

t 1 he st | t 1471 i
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enbodi nent s) en a low voltage potential Is present across oxide portion
70 such asconduetedgutrbily t he nenory cell, the current through 5 oxide

s as = . t her eb
portion can llj?fhpd iftudtfited meg?lﬁgeﬁg%gﬁsﬁﬁtaawm%sﬁq%i or ogl
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aCC(ﬁ_r dﬁnc&du?mm|imélsegmém_edt?qkr28;e3ﬁv@mmnzb mhmgeuemien’iory gallsi BIuS enbo:ji ment s,
at hi gher vo e potentials) such as e rogr anmmi n orage el enent
Ta1, The SEuBleIE T bAewaE St Tae Rogmert 18, ArERRTnEaN G Bm e S0l o

t unneligng |6aKageBurrehtecduplietb isBlsE AmpRfidr 38" tAIng théirdddoperation. ect rons t hat

| ocal |y heat storage el enent 141, therebxmform ng conductive fil anents

through oxi de J5&UP &iis aperspestiveyiawdiusirating pagereropiancempedigteniakn
suf 11 Ci entingafuftin lin deRihf sEK20. FIYBroS ISR 1he8 couhiFlind e Lo heat the
[tin e state of the e

fusing 20 site, resu gint oxi portion 70 being
changed pesegmeshsiagks at26s, REP apdi26ai Mowt linestlife andi Eb gaontareanzurayan be

pr 0965Sed.&t%oR&%c@org'fS’Jn?J&6f'aCcJHd%éh\$b°PNQte‘?ﬁY*vﬁf6h ﬁrﬂ&&%&tstémahét@‘&%' junction
device. Figure 'S a Ccross sectiron view illustrating a third enbodi nent of
a mem@0y sla bottomysidel of memany nelis 14t Colugw line\segments: tRaland) 18 eaehe present
25 inventi | f o Lo a0 the

embodi moni Py BEAdUTrs 3a ehe RERRIGS Gonaddine bR ek 0 110 e 6
i ncl udes dntetsactsitmga tomgide of @ boltamysidaiot mbmenpeeliscl4c Heigere 3at eri al s can

e s el 3RS 30, 2 LSRR b TS AR, Loy 1T
tel |l uri de columireline segmserd.18. In other embodiments, other suitable arrangements of
25 column line segments 18 and row lines 16 with corresponding memory celis 14
may be used within the scope of the present invention.
Figures 4A and 4B are cross section views illustrating a first embodiment
of a memory cell 14 used in a memory storage device according to the present
invention. Figures 4A and 4B illustrate that each memory cell 14 is intersected
30 and electrically coupled to a row line 16 and a column line segment 18. Memory
cells in various embodiments are electrically coupled at a top side to column line



30 GeTe can be reversibly changed froma sem conducting (anorphous) state
to a netallic (crystalline) state by undergoi ng heati ng and cooling steps
at a suitable rate. In one enbodinent, the GeTe is doped so that it is
p-type when in its 12 sem conducting state. Wen GeTe is deposited over
an n-type sem conductor |ayer, a large contrast is observed in the nunber
of carriers swept across the junction when conpared to GeTe in the netallic
state. In various enbodi ments) when using GeTe or other suitable
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silicidation rRigweiSis acaseseating viewsillusteating asecond egwiodinpent afdnory cel | to

change to r r tad small sense
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isr epeatamlellcb steipais lcompildteqh toedéfimpearsettled via meglhme 64oMherexposed wagnent st acks
26.

25 line 16 in the bottom of via region 64 is oxidized to form an oxide portion 60. In
various embodiments, oxide portion 60 Is formed through self-oxidation, is
thermally grown, or is deposited. In one embodiment, oxide portion 60 has a
thickness which is less than 100 Angstroms. In other embodiments, oxide
portion 60 has a thickness which is less than 50 Angstroms. After oxide portion

30 60 is formed, a conductive thin-film metal layer 66 is deposited over dielectric
layer 62 and a dielectric layer is completed to fill the open etched via region 64.
A CMP step is completed to remove portions of metal layer 66 to define an



Figure 7 is a cross section viewillustrating a first exenplary enbodi nent

of a columm |ine segnent stack 26. Figure 7 illustrates two columm |ine
segnment 10 stacks 26a corresponding to a base conductor line illustrated at
36a. Row lines 16 extend in a first djnmension and are illustrated at 16a

t hrough 16¢c. Colum |ine segnents 18 extend in a second dinension and are
illustrated at 18a through 18d. Menory cell arrays 14a through 14f
i ntersect colum fine segnents 18a through 18d such that each colum Iline
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switch 28@Xg,rs tE%rﬁﬁhg%UIJrﬁﬁ m’*@geg,ﬁ%,qlﬁ&kg JgS a cross section view

illustrating a second exenplary enbodi nent of a columm line segnment stack
26. Figure 8 |lnlvayomsierebo@mez@.|r¢w@n@@ﬁnadtcpbmalm%ﬁﬂgéwm1 fa® col urm |ine

segnent s [ (P m% gaire 7 with the
differ encméaﬁggﬁﬂﬁu eac 8§Isﬁifr|nd%lcfrr?g°g]%r8ﬂé?%g' I'n g?’idedéts t hree nenory
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during the read operatio eac olunn | i ne S8 nent 18 intersects
three rat ﬁ'énar\cﬁgﬁﬁlf’%ng"d} @ﬁ@ﬁtﬁ@m“@ OI 9 9?'&?{'\’%8&' naH gure 7. In 14
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used. While the enbodinents illustrated resmgpa |IIustrate
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plan vi e%l@ildb@l@?%@ﬂ@ld@’fﬁﬂﬁ iaidlcl nggilleﬁ‘d‘ﬁntride' i&ﬁarefﬁ Hd%lllEétﬁure 8.

Figure 9 1llustrates colum |iIne se acks 26a through 26d wherein

conduct i vi®i{GaHa), JEQS bmldwnclugmgm@mobw @ﬁﬁpﬁsfmﬂ 10 segments 18
to adj acefétsuqfiﬂg %b%cﬁﬁ?%ﬂ&@g@TEﬁ%@ﬁ\pcﬂeﬁ%rl i ne segnent stacks 26.
ac nc

Each col um e segnent s hree rdw conductors 16c¢c which
are p20 pebefophosphositicate glass (BREG), prosphesilisatesglass! (PS13), borosilicate segment s 18d

memory. cg e S BORERREL deisiniBrbsi P gBSYIS0L Aieriemipaty 7, ="
3M e ? hrre tn:] . 1\8apoF dgpositeti(CVD) dldlen]mmincludmg avdepositedroxigde oaargrewn 8Riden accor dance

nvent, on | lL.ngarparates the t ] mensi onal nenory
Stor age. v @bioa] YRR Spboelot Pl AiRBAE R sr tBred {8Reelc: £ ac od
enbodi nent , rrﬂnmqnlmn%traéedeenﬂedfmm udwsunerw oxidepotionsioand mbtal age glevi ces
I rio odi S i er. 80 can . use, any suitable
mem)r%]r5 Zl?ﬁer;%rfﬁﬁ? Nh PR ﬁtef'%ﬁ!@mjggbﬁl Pé' Yysgpted embedimept, | A, PC card,
smar t rrenra e/r,sasegiuéepodicwicﬁénc{&nmnrmbtsegmdlﬁemmc{hé kMrage alRRhY Stick,
di gi tal m ATA, and conp i |l ustrated enbodi ment, nenory

carrier 85‘ m%‘P[?@@se'%{“ﬁ%tha’rHt@é?s &ﬁ?’é‘i”? 5‘6‘89'819 torezeatg the S19ERIS or hot h
nmechani cadtnfifle & IrehblilustrhtedWhBsdiment, the electron tunneling can be direct

tunneling thereby requiring a minimal oxide layer thickness. In various

30 embodiments, the oxide layer thickness is within a range of approximately 5 to
50 Angstroms. In other embodiments, other suitable oxide layer thicknesses can
be used. In one embodiment, storage element 141 is an anti-fuse element. In



25 with a connector suitable for nenory carrier 80. |In another enbodi nent,
an electrical interface 86 electrically couples with electrical contacts on
irechani cal interface 84 and provides suitable functions which include
security, address decoding, voltage é{anslation or wite protection for
menory storage devices 82. In various enbodi nents, nenory carrier 80 can be
a printed circuit board or 30 ceram c substrate which physically supports
menory storage devices 82) electrical interface 86 and nechanical interface
84. is Figure 11 is a bl ock dia%rinlot,an el ectronic ﬂevi e in accordance
with the Bhesemposiments. staragmelemant 4} Hiilizes daechapismy SUChAsHIBIeEtHRal menory
st or age dmﬂt&ﬁdzhbM&%rtéb%t@ﬂﬁ gg,%?éispggtu?g).ove. I n the enbodi nent

|

illustrated in Figure 11, the elecfronic device is a conputer system 90. In
the ill ustrat €8 verewhempadiments whesrlgwowitage poteptialds PERSONLACTESS a menory
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menory storage .application areas within conputer, system 90. Figure 12 is a
parti al pe?%'g%'etag\}aeepw ‘EH"%’@?ﬂ?&&é@d’aﬁb'ﬁrﬂcff°"£af‘§?/wﬂg11ﬁ®§°tpﬁ accor dance

wth the B,rogggléed,ﬁéqﬁgg u§ey.Whi ch incorporates the three di mensional menory
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speci fic enpadinents .have been illustrated a escr.i be erein for

pur poses %’frﬁ')cd%@(ﬂnpfgyi B 'S?Q?Wé’sﬁh@f@Pq%ﬂo'g%ggi%éﬁ'ﬂr,toB?a\/\ﬁ%falf”%'ég appr eci at ed
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orbodi mo oo odTRe i Be s RerhaIL 0 San Ba Prodassed 19 54 ASRRE of 't he
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el ectromechanical , electrical, and computer arts wll readily appreciate
that the presdi@U®8AIGreF ?P&P%‘%@@Wé’ﬁeédkﬁfﬁiea'b\?mﬁwa@ vari ety of

enbodi menhemoRéell B4 @l ih @3hbMbry StofagbeiNRE dcto tA8prevdapt ati ons or
variations of the preferred enbodi nents di scussed herein. Therefore, it is

mani f&st | PVemioBn 8@ conslrugtion of mematy cath 1bdés similat todhe gmpogimemef c| ai ns and
the equi vah&Riswitt e Xception that the illustration in Figure 6 includes a state-

change layer 76. Many suitable phase-change materials can be used for a

read/writeable (or write/erase/write) state-change layer in accordance with the

present invention. In one embodiment, germanium telluride (GeTe) is used.

30 GeTe can be reversibly changed from a semiconducting (amorphous) state to a
metallic (crystalline) state by undergoing heating and cooling steps at a suitable
rate. In one embodiment, the GeTe is doped so that it is p-type when in its



17 CLAIM5 What is clainmed is: 1. A nenory storage device (10)) conprising:
a first and second nenory cell (14) each having a top end and a bottom end;
a first and second first dinension conductor (16), wherein the first and
second first dinension conductors arg,substantially coplanar and parallel
and extend in a first dinmension, wheréin the first first dinension
conductor intersects the bottomend of the first nmenory cell and the second
first dinension conductor intersects the top end of the second nenory cell;

a first second dinensiqgn ndugtor. (18 jch extepnds in. nd di mensi on
and inter §%F§”€Vfg'e"9§ﬁgngﬂﬁﬁ" (t%ﬂge 15 &eﬁosﬁ%’rﬁﬁf @&'&Peﬁeﬂ&ﬁﬁg@écond
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silicidation reaction. By applying a concentrated electric field, the current is
focused and the Joule heat is concentrated in a small area which allows the
30 programming to be completed. The silicidation reaction causes the resistance
of the selected memory cell to change to a lower value. To read the
programmed memory cell, a small sense current is supplied to the memory cell
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line 16. In the illustrated embodiment, conductive pillars or conductive vias 32a
and 34a are coupled to column line segments 18 so that each column line
segment 18 intersects memory cells 14 which do not intersect the same row line
16. The interconnection arrangement of row lines 16, column line segments 18

20 and memory cells 14 allow each memory cell 14 to be intersected by a unique
row line 16 and column line segment 18 and be selected through the
corresponding select switch 28a or select switch 30a.

Figure 8 is a cross section view illustrating a second exemplary

embodiment of a column line segment stack 26. Figure 8 illustrates an

25 interconnection arrangement for column line segment stacks 26a which is
similar to the embodiment of Figure 7 with the difference being that each column
line segment 18 intersects three memory cells 14, wherein in the embodiment
illustrated in Figure 7, each column line segment 18 intersects six memory cells
14. In the embodiment illustrated in Figure 8, smaller amounts of unintended

30 leakage currents are coupled through select switches 28a or 30a to sense
amplifiers 38 during the read operation, because each column line segment 18
intersects three rather than the six memory cells 14 illustrated in Figure 7. In
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U& ()-110%  Figure 10 is a layout view of a memory carrier 80 in accordance with the
present invention which incorporates the three dimensional memory storage
device illustrated and described above. In the illustrated embodiment, memory
carrier 80 includes one or more memory storage devices 82. In various
20 embodiments, memory carrier 80 can use any suitable memory card format
which includes, but is not limited to, PCMCIA, PC card, smart memory, secure
digital (SD), multi-media card (MMC), memory stick, digital film, ATA, and
compact flash. In the illustrated embodiment, memory carrier 80 includes a
mechanical interface 84 that provides for both mechanical and electrical contact
25 with a connector suitable for memory carrier 80. In another embodiment, an
electrical interface 86 electrically couples with electrical contacts on mechanical
interface 84 and provides suitable functions which include security, address
decoding, voltage translation or write protection for memory storage devices 82.
In various embodiments, memory carrier 80 can be a printed circuit board or
30 ceramic substrate which physically supports memory storage devices 82,
electrical interface 86 and mechanical interface 84.
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Figure 11 is a block diagram of an electronic device in accordance with
the present invention which incorporates the three dimensional memory storage
device illustrated and described above. In the embodiment illustrated in Figure
11, the electronic device is a computer system 90. In the illustrated

5 embodiment, a microprocessor 92 is coupled to a memory storage device 94.
In various embodiments, memory storage device 94 is used to hold computer
executable instructions and/or user data. Other applications for memory
storage device 94 can include BIOS memory, DRAM memory, ROM, or various
levels of internal or external cache memory. In the illustrated embodiment,

10  microprocessor 92 is connected to a storage device 96 which can be a hard disk
drive, floppy drive, CD/DVD drive, tape drive or other suitable mass storage
device. Both microprocessor 92 and memory circuit 94 can include one or more
memory storage devices according to the present invention. In the illustrated
embodiment, microprocessor 92 is connected to a display device 98 that can

15 include memory storage devices according to the present invention. In various
embodiments, the memory storage device of the present invention can be
included within many memory storage application areas within computer system
90.

Figure 12 is a partial perspective view of an embedded memory array

20 100 in accordance with the present invention which incorporates the three
dimensional memory storage device illustrated and described above. In the
illustrated embodiment, embedded memory array 100 is fabricated on top of a
microprocessor 104 to minimize the die area size. Microprocessor 104 forms a
horizontal substrate surface. Preferably, memory array 100 is built of one or

25 more vertical layers 102 of memory cells 14 to form the embedded memory
array 100. Microprocessor 102 is electrically attached to a package 106 via
bonding wires 108. In other embodiments, other suitable packaging
technologies such as Tape Automated Bonding (TAB) can be used.

Although specific embodiments have been illustrated and described

30 herein for purposes of description of the preferred embodiment, it will be
appreciated by those of ordinary skill in the art that a wide variety of alternate
and/or equivalent implementations may be substituted for the specific
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dimension and intersects the top end of the first memory cell;
a second second dimension conductor (32, 34) which extends in the
second dimension and intersects the bottom end of the second memory cell;
and
a first third dimension conductor which extends in a third dimension and
is positioned between the first and second memory cell to couple the first
second dimension conductor to the second second dimension conductor.

2. The memory storage device of claim 1, further comprising:

a first second dimension base conductor (36) which extends in the
second dimension; and

a first select switch (28, 30) coupled between the first third dimension
conductor and the first second dimension base conductor, wherein the first
select switch is configured to conduct a sense current from the first memory cell
or the second memory cell to the first second dimension base conductor.

3. The memory storage device of claim 2, further comprising:

a third and fourth memory cell each having a top end and a bottom end,
wherein the second first dimension conductor intersects the bottom end of the
third memory cell;
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a fourth second dimension conductor which extends in the second
dimension, wherein the fourth second dimension conductor is substantially
coplanar with the second second dimension conductor and intersects the
bottom end of the fourth memory cell;
a second third dimension conductor extends in a third dimension and is
positioned between the third and fourth memory cells to couple the third second
dimension conductor to the fourth second dimension conductor; and
a second select switch coupled between the second third dimension
conductor and the first second dimension base conductor, wherein the second
select switch is configured to conduct a sense current from the third memory cell
or the fourth memory cell to the first second dimension base conductor.

4, The memory storage device of claim 3, wherein each memory cell
includes a storage element (141) in series with a control element (142).

5. The memory storage device of claim 4, wherein the storage element
includes a tunnel junction device.

6. The memory storage device of claim 4, wherein the control element
includes a tunnel junction device.
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8. The memory storage device of claim 4, wherein the storage element

before being programmed is configured to indicate a first resistance value when
a read voltage is applied across the storage element and the corresponding
control element, and wherein the storage element after being programmed is
configured to indicate a second resistance value when the read voltage is
applied across the storage element and the corresponding control element.

9. The memory storage device of claim 4, wherein the storage element is
configured to be electrically non-conductive before being programmed and is
configured to be electrically conductive after being programmed.

10. A method of making a mass storage device (10), the method comprising:

forming a select switch (28, 30);

forming a base conductor (36) extending in a second dimension, wherein
the select switch is coupled to the base conductor;

forming a second conductor segment (18) which extends in the second
dimension;

forming a second memory cell (14) having a top end and a bottom end,
wherein the second conductor segment intersects the bottom end of the second
memory cell;

forming a first and second conductor (16), wherein the first and second
conductors are substantially coplanar and parallel and extend in a first
dimension, wherein the second conductor intersects the top end of the second
memory cell;

forming a first memory cell having a top end and a bottom end, wherein
the first conductor intersects the bottom end of the first memory cell;

forming a first conductor segment which extends in the second dimension
and intersects the top end of the first memory cell; and



L4109%0& ()-L3109%& ()-L110%& ()-LO10%T& ()-.10%& ()-9- 109%9& ()-12347}gbC
|l F GILO%& ()-3 10%& ()-yL10%& ()-310%& ()- 10T 10T

10T 6MLOYI& ()-9{47}gbd! F GLOY& ()-3 10%& ()-yL10%& ()-310% & ()- 10T
10T 10T10% & ()- Normal " "Heading 13]c" "Heading 23]c" "Heading 33]c"

"Headi ng 43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c"
"Headi ng 93] c"A "Default Paragraph FontO

T$- 6?HgR] enbwx) r 3{ H 6"E: TbsH{ bcdef ghi2Pkl i N7v! | $&H( +* =, / X147wWOG,

=@uD6GHVKYM P! RT<VX&] " Q" hehj Anp4r t ~5ypk H~ opgr st uvwxyz{| } ~6Ti nmes
New RormanAri alf@Hing @r‘%\@%’ E&éﬂﬁqp"@ﬁ# %b&ﬁ%@ﬁ'ﬁ%%@ggo"é memory
" #3%& () detito coli8 M firéB&oriductor segment to the second conductor segment,
<=>?@\BCDEFGH| JKLMOPQRSTUMWKYZ \j" abcdef ghi j kI mopqgr st uvwxyz{| } ~
wherein the select switch is coupled t6the via so that the select switch can
conduct a sense current from the first memory cell or the second memory celi to

the base conductor.



