1 26 June 2006 MEMORY STORAGE DEVICE WITH SEGMENTED COLUMN LINE ARRAY The
Field of the Invention The present invention relates to the field of integrated circuit memories. More
particularly the present invention relates to a memory storage device and method for a three
dimensional cross pint memory array. Background of the Invention As the demand for integrated
circuits continues to rise, manufacturers labor to jncorporate increasingly greates sumal28@oof
transistors onto each die. Integrated circuit memaries often times have higher transistor densities than
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 technology used to
fabricate the aM&lRYaIeORA (ApdNEEME Th thE GMEN dRPdesitibENarE\c AigRRéd'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 programmable ROMs. 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 qugerﬁélgr&qp%nmggﬁgwing the 2 26 June 2006 fabrication
process and are more desirable because they enable end users to store a single part type which can

be used in many applications. One type of field programmable ROM includes memory cells which
have a storage elemmenirasehisoaitRrcemapeenheliedsipiageatemertsitynicadiies.

More particularly the present invention relates to a memory storage device and

method for a three dimensional cross pint memory array.
Background of the Invention

As the demand for integrated circuits continues to rise, manufacturers
labor to incorporate increasingly greater numbers of transistors onto each die.
Integrated circuit memories often times have higher transistor densities than
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
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 programmable ROMs.
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



5 have a high resistance to current flow and can be programmed to have a low resistance by
application of a suitable voltage across the storage element. The programmed configuration can be
sensed by application of a read voltage across the storage element and by comparing the current
passed through the programmed storage element2o the current passed through a non-programmed
10 storage element. One disadvantage of the two dimensional ROM arrays are Réakage2@06rents which
tend to make accurate memory reads more difficult as the number of memory cells in the arrays are
increased. For example, the row and column lines which intersect memory calls in the array travel the

entire length 1BPTSAVRNARERSH And AT PR dPsinabie RerAUsSthRY caahia: R 12ad voltage is
applied, otheststeragmgle pamtyoNHRAShAIBEULRE PMiERE AiedtibHse column line can provide

leakage currents whjch make it maore difficult to detect. the difference between the non-programmed
and programmed ¢ WP&BE@Q%HQ%[&H?B@&%%MHH&‘P@&&&@%@ Y’éhfé?ihﬁ\é ate the column
lines into 20 patbaeveiacieat and dreapalazmiypaddrt s Jtdatdrageetemaidb typicallyditional peripheral

ciruity ush AR 1R4REEh SR A B IR AR RVl approach car

reduce (eakage cur y reducing the number of unsele storage elements connected to each

column line FBFIRANCE BYaipRlicationaf @ SHjtakinsvieltage AcERsaihe: Peragerelese’nto ke room for 25
the addition%r@am%wmﬁqﬁ%@%nleaﬁ% @éﬁé@dﬁgﬂwﬁimm a9e8dVoRagenproved memory
e ea

which has greater memory cell densities and reducec age currents. 3 Summar\éof the Invention 26

June 2006 CRFEOSSHDE: BPERGEPIRBARANHRY A PRARTRS thefuieR Rassasbional g method. The

memory storpggycenmedstbrdgs alénsiritid Srcondemgpasspd thedughiamenaghrdyrammeénp end and a
bottomﬁpd. égi@é@g%ﬁ%ﬁ?nd first dimension conductor are substantially coplanar and parallel and

extend In a first
One disadvantage of the two dimensional ROM arrays are leakage

currents which tend to make accurate memory reads more difficult as the
number of memory cells in the arrays are increased. For example, the row and
column lines which intersect memory celis in the array travel the entire length of
15 the array. If a particular row and column line are selected and the read voltage
is applied, other storage elements positioned along the row line or along the
column line can provide leakage currents which make it more difficult to detect
the difference between the non-programmed and programmed configurations.
One approach to limit the leakage currents is to separate the column lines into
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.



dimension. The first first dimension conductor intersects the bottom end of the first memory cell and
the second first dimension conductor intersects the top end of the second memory cell. A first second
dimension conductor extends in 10 a second dimension and intersects the top end of the first memory
cell and a second second dimension conductor ektends in the second dimension and intersects the
bottom end of the second memory cell. A first third dimension conductor extend®Siduagfd@imension
and is positioned between the first and second memory cell to couple the first second dimension
conductor to the 15 second second digension c qg# tor. Brief Description of the Drawings Figure 1 is
a diagram illustrating one exemplary g“f%ﬂﬁﬁ’eﬁ[ jn& o(i,n"nory 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 in i les with a control
element. Figure 3 é%ﬁé"%%céc f|vr{heev e’o%é fﬁﬁts {2 |Hg°8r{g!§'f%e?ngp ﬁ%@ﬁﬁﬁ?ﬁ% §? %E{Séthe column line
segment staand niithads Titeanen@stomgesisviatoinaluses alfissiantsesraddnamiynent of a

memory celluaeehiB AN SIAGREHEHIEASSASHIL RAREGSRNE BRI Figure 5 is a cross
section view illustrating a second embodiment of a 30 memory Cﬁ’l used in ammo% torage device

according tFMeRsRLeRNANRATiare substaptialy seslanalng Rlandaxis trating a third
embodimengphénditn Thedrbturetdimanspinesndipten hibrsistsabeobditgni@titzoptasent invention.
FlgUre 7 Is 4 e e e g 3 L B R AR MM s2@lag g9 umn fine segment

end of the second memory cell. A first second dimension conductor extends in

10 a second dimension and intersects the top end of the first memory cell and a

second second dimension conductor extends in the second dimension and

intersects the bottom end of the second memory cell. A first third dimension

conductor extends in a third dimension and is positioned between the first and

second memory cell to couple the first second dimension conductor to the

15 second second dimension conductor.
Brief Description of the Drawings

Figure 1 is a diagram illustrating one exemplary embodiment of a
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 5 is a cross section view illustrating a second embodiment of a

30 memory celi used in a memory storage device according to the present

invention.



Figure 8 is a cross section view illustrating a second exemplary embodiment of the column line
segment stacks. Figure 9 is a top plan view of the second exemplary embodiment illustrated in Figure
8. 10 Figure 10 is a layout view of a memory carrier in accordance with the present invention which
incorporates the three dimensional memory storage device illustrated and described above. Figure 11
is a block diagram of an electronic device in accordance with the present inventihJwhécRO@@orporates
the three dimensional memory storage 15 device illustrated and described above. Figure 12 is a patrtial

perspective view of an embedded memory array i accordance with the present invention which
incorporates the th@e%ﬁ%aﬁ%ﬁsmé@@&%A@‘EH@W&%@gﬂaﬂ‘&ﬁ’%ﬁ‘aa&%ﬁﬁed above. 20
Description ehéitoRretirigd & mbonsnttisdtoihgedbvicingoteraileg tdeherprsantf the preferred

embodiments, reference is made to the accompanying drawings which form a part hereof, and in
which is sholll{¥WRAy of illustration specific embodiments in which the 25 invention may be practiced. It
is to be understoodFigatethisronbssisectida wiaw ilhestrtitingdh dinst sixentplatyerimdmhehtitnges may be

made Wghp%ﬂﬁtgqé&ngﬁrlﬂ{g g@w&gpg‘g&g_e present invention. The following detailed description,

therefore, is not to be taken in‘afimiting sense, and the scope of the present invention is defined by the
appended claims. F00urgfds1aisrasssgationmey dHusiratingacasens, e aB@Ment of a memory storage

device 10 acegisiiashienter Bie TNty BRé eeghdhestiéekgated embodiment, an array of column line
segment stacks Z?TTare illustrated which 5 Zg‘é‘une 2006€re eac interse\%[ﬁd b'ﬁ row lines 16. In the
illustrated embodinfdPHrPRSiALSP RiABMIAWh iR seoRad exeRIANREPRHINE Yre substantially

coplanar andiigaraiée] mEgufesd in a dimension X, as indicated by arrows 50, to intersect the
10 Figure 10 is a layout view of a memory carrier in accordance with the
present invention which incorporates the three dimensional memory storage
device illustrated and described above.
Figure 11 is a block diagram of an electronic device in accordance with
the present invention which incorporates the three dimensional memory storage
15 device illustrated and described above.
Figure 12 is a partial perspective view of an embedded memory array in
accordance with the present invention which incorporates the three dimensional
memory storage device illustrated and described above.

20 Description of the Preferred Embodiments

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



column line segment stacks 26. In other embodiments, the row lines 16 can 5 each include any suitable
number of individual row lines. In the illustrated embodiment, three base column lines which extend in a
dimension Y, perpendicular to the X dimension as indicated by arrows 50, are illustrated at 36a, 36b,
and 36c¢. In other embodiments, there can be any suitable number of base column lines 36. Each base
column line 36 is coupled 10 to a corresponding sense amplifier 38 so that the c@frdsperafiog sense
amplifier 38 can read data from memory cells located in the corresponding column line segment stacks
26. Each column line segment stack 26 includes at least two memory cells 14. Each of the memory

cells 14 are iteerehdatessectaddueresniings 16 vifhe ilasirated gmRedimentHOWINRS y cells 14 within
each column NSRRI HAGK P W6 (v RIS Wh%ﬂ‘ﬁf@s%ﬁ&?ﬁﬁl!f%bl%ﬁarﬂf line 34. Switches 28

and 30 couple, respectively, corresponding conductive pillars or conductive vias 32 or 34 to base

column line P@@YehandRdaaeina dimensionithianidicatediRyRASAWSIPR tRENRSeN% 26 can be read
by the corresRAnRNIrEeasEHBRPEiRaREN Rlotis BmbegimsNs, IMitebwiRSsaBican are implemented

istors. In one, embodiment, the fransjstors.28/30 are complementary metal oxide

with traqg rg?egl é } gsé
semicon uct%??ﬁmggeu%{%%? ,%15{,’? I PRI QSP&m illustrating one exemplary
embodiment of a nretherijlustiaies efebiedimantnthrae sy cosnnilingsonhichgxteadin@ge 25 element

141 in seriesyity&i6AVIOlHRERL o ek diieiale ssTogianty SRR SEaRy cell L4 s coupled

to correspondig% base column lines 36 and sense amglifiers 38 through a corresponding switch 28 or
|

switch 30. Bjllugtratarhat 6. S6RiRRDESS: 40 pthesembedimants Wets ABRE 3 Well 14 within a column
line segmenisgigfife’Aupabe @ BaseofuA IRfERBE! NEasANss e Bl fiple 38.ictipildstrated

embodiment, memory cells 14 are coumeﬁ,be een a rcg]w line 16 ang.a column Iine.§e|gment 18. The
row IinéQ 16§°a?15°f B?gcgng sense amplifier 38 so that the corresponding sense amplifie

38 can read data from memory cells located in the corresponding column line
segment stacks 26.
Each column line segment stack 26 includes at least two memory cells
14. Each of the memory cells 14 are intersected by a unique row line 16 within
15 the row lines 16. The memory cells 14 within each column line segment stack
26 are coupled to either a corresponding line 32 or line 34. Switches 28 and 30
couple, respectively, corresponding conductive pillars or conductive vias 32 or
34 to base column line 36 so that the memory cells 14 within a selected column
line segment stack 26 can be read by the corresponding sense amplifier 38. In
20 one embodiment, switches 28 and 30 are implemented with transistors. In one
embodiment, the transistors 28/30 are complementary metal oxide
semiconductor (CMOS) transistors.
Figure 2 is a schematic diagram illustrating one exemplary embodiment
of a memory storage device having memory cells 14 which include a storage
25 element 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
selecting 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 celis 14 are coupled between a
row line 16 and a column line segment 18. The row lines 16a and 16b are



26 June 2006 illustrated at two levels wherein each row line 16 within a particular level are substantially
coplanar and parallel and extend in the X dimension, as indicated by arrows 52. Row lines 16a are
illustrated at a first level which is below the second level of row lines 16b. In the illustrated embodiment,
column line 5 segments 18 extend in the Y dimengon which is perpendicular to the X dimension as
indicated by arrows 52. The column line segments 18a and 18b are illustrated altwviure/209hich are
between and below row lines 16. Each column line segment 18 intersects at least one memory cell 14.
The column line segments 18b are provided above column line segments 1 Ba and are aligned 10 with

column line iigivaled atdworlewRisinhgraia @ashew linei -withinr PamticulaslevelaiRied at three levels
which are indiggdechfAIRPecaH A8 drbnsgbittadhiie XigwersionZasmarardy arrows 52.

Memory cells 14a |Ilustrated at level 20 are coupled between row lines 16a and column line segments

18a. MemorPY-eeowsb2s Rowiines thadye Byusiatedatatirgidarebwhich /s halfY B8 ments 18b and row
lines 16a. Meg@idaslel bh¢d pHicsersBt |Wﬂi92iﬂtﬁt¢a€étﬂélﬂdd@ﬁi¥mrbwmhﬂm 16b and column line

segmenis 18b. In th |qlgstratedestﬁ % ent, each O| mn |nes tt ﬁé rﬁ? row line 16 intersect a
particul meﬁ%’Rﬁegﬁ ’Ttﬁgcflfﬂ &t :iq!éﬂ?ﬂ'o‘t?ﬂm‘éf G '5%%“?3 3'02teF Mustrate the scope of 20
the present idiveengion Bsdsdickitiddinatieves52ill Eppostiate tlmtsagmen;s 4finzamed débice 10 can be
fabricated in gt SRRGAIREILAYL 0 LADIS MBI G LSS Gy RGings ngher? dimension and

with any suitable number of memory cells 14 per Igé/er In the other embodiments, there can be any

suitable nurBITHY lpR SR@TEM éﬁt@fﬁ@?@cﬁ gldersdipRe ToRmaY &sHitth IW&%\‘HEP\{@E’% 18 extending
in the Y dimgagipents 1igg drsprigdimipolnaitnafiRecsbighantse 8adnaird Ayited a particular

column,line segment stack 26 is coupled to the corresponding switch 28 or switch 30. Adjacent column
line sedr(?]enfg'%é%o%'ﬂf'lgﬁ SROMEMBABRd to the same switch 28 or to the same switch 30 so that
memory cells 14 conphedliustrated embodiment, memory cells 14 are provided at three

levels which are indicated at 20, 22 and 24 and are defined in a third dimension
Z indicated by arrows 52. Memory cells 14a illustrated at level 20 are coupled
between row lines 16a and column line segments 18a. Memory cells 14b
15 illustrated at level 22 are coupled between column line segments 18b and row
lines 16a. Memory cells 14c illustrated at level 24 are coupled between row
lines 16b and column line segments 18b. In the illustrated embodiment, each
column line segment 18 and row line 16 intersect a particular memory cell 14.
The illustrated embodiment is abbreviated to better illustrate the scope of
20 the present invention. Those skilled in the art will appreciate that memory
storage device 10 can be fabricated in other embodiments with any suitable
number of levels extending in the Z dimension and with any suitable number of
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



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 7 26 June 2006 storage element 141 includes an anti-fuse element. In one
embodiment, the control element 142 includes a tannel junction control element. In one embodiment,
the control element includes a diode. In the illustrated embodiment, storage elenmmt a2 28Gsrogrammed
by 5 applying a programming voltage across memory cell 14 to change the resistance of memory cell
14. In one embodiment, the storage element before being programmed Is configured to indicate a first

resistance vaiterageceiementd 4binsdrsarpaat-use slesmsg embodimgRt, dBftrol element 142.

The storage gairsdidmeiiaRiRENdR S RIRKBERInesNEoRiN dRmMeMmatm asecond 10 resistance
value when the read voltaﬁ$ is %%F"ed across the storage element 141 and control element 142. In one

embodiment, SPRRRAM M Gatel flermept iirles A8/ three volts. In one embodiment, the read

voltage is less than|pfie WRistiated e ebdigiemn étdheyérstomerntaddeis/ plogranemediiggaohm or more. In

bodiment, th d resist lue is 100 kiloh less. 15 | bodiment, th
Clorage BemBHOIE ARG SOy RENTETNHL LD BMBLHR ogrammed and i

configured torbsistbrate cdlienmng oellvbiaftardnei eghpodirenttbe. stocage etebwhhbefiorenemory cells 14
: q : vy . o : e . | h
e rond vor SR ERNIEINR T HHERE SRRt dlain R aRaREe VAl Jner

the read voltage ied across me odiments, each memory cell 14
includes a re¥Riiagmisaneliodiacipss eiarage slement hiaad rMRbaleRBdffant "Be resistance state

of a selected sipayR viaabrtd i dgterHEes progaRhed & ERTiyaraD® aniretcacsseongell 14 and
measuring the current th tflovxg(f through memory cell 14, During a rﬁad 5 ogoerf:\tion tto determine the
e storage

state or 1esistEREIRADSR Kake Wasd e TeRdRiAgS, s applied across t elemen

141 and control element 142. In one embodiment, the programming voltage is
between one and three volts. in one embodiment, the read voltage is less than
one volt. In one embodiment, the first resistance value is one megaohm or
more. In one embodiment, the second resistance value is 100 kilohms or less.

15 In one embodiment, the storage element is configured to be electrically non-
conductive before being programmed and is configured to be electrically
conductive after being programmed. In one embodiment, memory cells 14 are
formed of an electrically resistive material which is configured to indicate a
resistance value when the read voltage is applied across memory cell 14. In

20 other embodiments, each memory cell 14 includes a resistor in series with the
control element.

In the illustrated embodiment, the resistance state of a selected memory
cell 14 is determined by applying a read voltage across memory cell 14 and
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



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 fine
segment 18 30 and base column line 36 of the sel8cted memory cell 14 have a positive voltage applied
to couple the corresponding column line segment 18 to the corresponding base 2®lun@ ZP@636. During
the read operation, sense amplifiers a 26 June 2006 38 hold base column lines 36 at the voltage
potential Va. Since the selected memory cell 14 is coupled betweeréthe c%lum%r] Iinefjsegment 18 which

is at voltage39d'alsbase Solrmadings A8 @hteeuraltage REIRIMIALY 3+ SINCR AR RRAERF is conducted
through memmngynoeyl detl aadsvewslue teonderothaselanlimsadgientBiovtichdsatsponding sense

lifier 38. T lifier 38,i fi ide th fth 114
Based on theOLaNE LA BTG e RT O T 06 B MR P RIS T an the
selectgd basis_; qohdpctéidu@&ﬁ:ghdmhmmdﬂﬂd A@dem téreesponiding b&s&@oMtaQQrYa during the read
operatio (0 [it4uYOTRRdeS InakanR G LLeRIS IR BPiRY HPLEALS iRdiRBRagEPIiers 38 during the

Imerts, column i

read operation. In various em e number o ne segments 18 within a particular
column line sWipfiguiediecrrovidetheestate widhriasirgted memery eelid4 baged SRS the particular
column line segRisibd 8uahpptimized to limit the 15 leakage currents coupled to sense amplifier 38

column line segmelt VB8 He SR ARl laE UHRReERSH A RoR a4 AR Bk at 263, 26b and
26¢. Row lineslééadbdskGipketh lire 36 andogolufmrolink segméntm 8cadf betdatithetive material which
cach 213 an eha oV & o R TRl e e 1o A A e te T B Re Gt 102 2nd 150
being coupled to the sense amplifiers 38 during the read operation. In various
embodiments, the number of column line segments 18 within a particular
column line segment stack 26, as well as the number of memory cells 14
coupled to the particular column line segment 18, are optimized to limit the
15 leakage currents coupled to sense amplifier 38 during the read operation.
Figure 3 is a perspective view illustrating one exemplary embodiment of
the column line segment stacks 26. Figure 3 illustrates three column line
segment stacks at 26a, 26b and 26¢c. Row lines 16a and 16b each are an array
of conductors formed of a conductive material which intersects either a top side
20 or abottom side of memory cells 14. Column line segments 18a and 18b each
are an array of conductors and are formed of a conductive material which
intersects either a top side or a bottom side of memory cells 14. Figure 3
illustrates that each memory cell 14 is intersected by one row line 16 and one
column line segment 18. In other embodiments, other suitable arrangements of
25 column line segments 18 and row lines 16 with corresponding memory cells 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 electricaily coupled at a top side to column line



intersects either a top side or a bottom side of memory cells 14. Figure 3 illustrates that each memory
cell 14 is intersected by one row line 16 and one column line segment 18. In other embodiments, other
suitable arrangements of 25 column line segments 18 and row lines 16 with corresponding memory
cells 14 may be used within the scope of the pres&nt invention. Figures 4A and 4B are cross section
views illustrating a first embodiment of a memory cell 14 used in a memory stor@§eldewi2zé0éccording 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. Memorzdgcéells i? various

embodimentSeg@ et dGiand At A patteR: $ide fodiow HBeR (RnRN AP IR FF8BELE Ment 18 and at a

bottom side theoyednrmttti ®and atwtpsisieleoteoadings1éne segments 18 and at a top side to row

lines 16. Figure 4A ilustrates. | juncti I ric : led via electrode
élll to a tunlr?gl junct#)'ﬁlucrgr%‘;r‘\o\@%%%grﬁ%ﬁ@@)ﬁﬁéﬁgﬁeﬁﬁgﬁ]%%ﬁgﬁﬁgéér@a ﬁc‘%% Ied\élo column line
segments 18coipiddotinaleairodsiéidgadinmejundtion enotrelelément piR t60oWoline 16 via electrode
40. Elegrodgpadntiand é%&%ﬁ%@ﬂé%%ﬂ%%@@bmﬁg%'\ﬁéean@aroaéaznd storage

element 141 to minimize any uninte sistance to current™tlow through memory cell 14. In other

embodimentSterage alamen 141 i aledrisalinsaspiadie rylieestSivisaigrtode s section of Figure
4A along lingsié&radbéulluatiaia KRproVicd e 146 RXSRIARCE GoRtaEITCHIRINaIBtheRIUMN line segment

18 extends in a_ second dimension, wherein the first dimensigon and, the secon dimenstion in the
iilustrated emB6 ﬁE°é?8%8l%’é’ﬁchh‘?alrF‘?WHBFE?%%’BBT%‘%@,'?8\'/3‘&(1‘82 T Tolumn line
segments 18flare thotygly pesrdiwylaall Hydnaibes embdiliteadts tetepirocessdfiudtrardRiam®igure 4 is
repeateghto sigeksgapitiple layers to form the column line segment stacks 26. Figure 5 is a cross section

view illustrating a second embodiment of a . _ )
Figure 4B illustrates a cross section of Figure 4A along lines 4B-4B to

ilustrate that row line 16 extends in a first dimension and column line segment
18 extends in a second dimension, wherein the first dimension and the second
dimension in the illustrated embadiment are perpendicular. In other
15 embodiments, row lines 16 and column line segments 18 are not perpendicular.
In various embodiments, the process illustrated in Figure 4 is repeated to stack
multiple layers to form the column line segment stacks 26.
Figure 5 is a cross section view illustrating a second embodiment of a
memory cell 14 used in a memory storage device according to the present
20 invention. In the illustrated embodiment, a row line 16 is formed of a conductive
thin-film such as aluminum and is deposited and etcﬁed to define row line 16. A
planar dielectric layer 62 is formed over and above row line 16.
In the illustrated embodiment, after dielectric layer 62 has been formed,
an etch step is completed to define an etched via region 64. The exposed row
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



memory cell 14 used in a memory storage device according to the present 20 invention. In the
illustrated embodiment, a row line 16 is formed of a conductive thin-film such as aluminum and is
deposited and etched to define row line 16. A planar dielectric layer 62 is formed over and above row
line 16. In the illustrated embodiment, after dielecttt layer 62 has been formed, an etch step is
completed to define an etched via region 64. The exposed row 25 line 16 in the 2®ttame @006 region 64
Is oxidized to form an oxide portion 60. In various embodiments, oxide portion 60 is formed through
self-oxidation, is thermallyﬁ%;own, or is deposited. In one embodiment, oxid%éjffr_tion 60 has a

thickness whR¥PRS85-e09R A8 0ANPY IR JANET KR MMIShIRAlERS BRATINLE PYRIVINSH Ras a thickness
which is lessgdiasss88 SdsB8 B heititsrmedaover tinnplarabizeduonden focchadtotivertindiim metal layer

66 is deposited qvey dielectric_layer 62 and a. dielectric layer is complefed 1o fill.the open etched via
region 64. A*%Mﬁ ?88%@%%\6%%&?@ f%ﬂ%?%%&ﬁi%@(%ﬁ@%??&‘fe@e%“ o%éﬁrll%cgﬁ 10 26 June 2006
exposed eddfillé8laper 34idefarmesd Bvehaidiabmdsesolupurtion 78.olrevigfidgshe exposed edge 68 is next
formed quer EI@E ' r e thin- fila i ' t define column
line seg%/ent a@gfger @%?gi%é?&{%egé Ig@%ﬁ%@%@or!ﬁgr(?o@vg%%%gaﬁé%\%a%igﬁjﬁmwﬂégm. In various 5
embodimentiayfes trdeasstiecaltma lineFrpamentsiaghs®sd to stack multiple layers to form the column
line segment stack§fy|5usBEIRABS SMBREIMER 0N hRE A61GMA R SegentSADAIENt 18 are formed of

aluminum, capper, silicide or alloys, or other suitable conductive metals or semiconductor materials. In
various embdMRA RS AP D FoPPRY Y ‘?FhQB%PXﬁy%lﬂfHBTéBHEHﬁL%ﬂm&ive material which
includes, butretaid dinsisatidondudtis-mttddatsida v@XidGs, émitadtiments) toxitke [67aP TH)s plasma

R T A
various embéaiitegies, oxide-nitride-oxide (ONO), tantalum pentoxide (Ta20s), plasma

enhanced silicon nitride (P-SiNy), titanium oxide, germanium oxide, any

chemical vapor deposition (CVD) dielectric including a deposited oxide, a grown

oxide, or any other suitable dielectric material. In various embodiments,

15 dielectric layer 62 and dielectric layer 74 are formed of suitable electrically
insulative materials which include, but are not limited to, a wet or dry silicon
dioxide (SiO,), a nitride material including silicon nitride, tetraethylorthosilicate
(Si-OC2Hs), TEOS based oxides including oxides formed by a deposition
resulting from the decomposition of a TEOS gas in a reactor,

20 borophosphosilicate glass (BPSG), phosphosilicate glass (PSG), borosilicate
glass (BSG), polyamide film, oxynitride, spin on glass (SOG), any chemical
vapor deposited (CVD) dielectric including a deposited oxide or a grown oxide,
any physical vapor deposition (PVD) dielectric, or a sputtered dielectric.

In the illustrated embodiment, row line 16, oxide portion 60 and metal

25 layer 66 form the control element 142. In the illustrated embodiment, metal
layer 66, oxide portion 70 and column line segment 18 form the storage element
141. Storage element 141 utilizes electron tunneling to create the storage
structure. In the illustrated embodiment, the electron tunneling can be direct
tunneling thereby requiring a minimal oxide fayer 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



15 dielectric layer 62 and dielectric layer 74 are formed of suitable electrically insulative materials which
include, but are not limited to, a wet or dry silicon dioxide (S102), a nitride material including silicon
nitride, tetraethylorthosilicate (Si-OC2H5), TEOS based oxides including oxides formed by a deposition
resulting from the decomposition of a TEOS gas ima reactor, 20 borophosphosilicate glass (BPSG),
phosphosilicate glass (PSG), borosilicate glass (BSG), polyamide film, oxynitrid@6shpimeatgéass (SOG),
any chemical vapor deposited (CVD) dielectric including a deposited oxide or a grown oxide, any
physical vapor deposition (PVD) dielectric, or a sputtered dielectric. In the illustrated embodiment, row

line 16, oxid@tperrmbsulimentacsiorage glament i hutiizes meahaaisippsugh as diplegtiGrated

embodiment, BRial dR/EMRS 1B ¢ASaROtHE3tEPagBGFQbHNE. line segment 18 form the storage element
141. Storage element 141 utilizes electron tunneling to create the storage structure. In the illustrated

embodiment, the elB4ASIRYSRTERAY TSNS RN 8 1AW QlIRgeROLBRIAL I RMRRPRYARIRARI oxide layer
thickness. InowdtioperioreToadinas tshénerexdiiegl Hye mbmbnesslisthetbirrantihgeughapproximately 5 to

50 A ..In ot ' g i ' ' d. |
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storage elenresuiting intitwe power itissipatosucWberdsdteagecelepantidyriapiegranuneste the storage
_ S : . e ~ ovid on 70

stucture. I g RO HERIENRO A DA AT R PESR T REIRSRigh e poron 7

such as when're € memory ¢ rent through 5 oxide portion 70 can De in the low
microamper&@nIRHALRAR e FRICEARBP aseDy This difiesance iR SHIeRIRSISEE3IRFReYPBlorage element

141 is progrypeaasighy f6evise rfeTeneHying Whethde thertkide Botisrcrorgnt can be in the high -
o fof Son IR L Sg BRI € AP e RS TGt or & logioal 1
state. While duerédhtsanges are approximate current ranges for 0.18 micron process
geometries, the actual current ranges can vary in accordance with the actual
process geometries used.
In various embodiments, at higher voltage potentials, such as when
15  programming storage element 141, the oxide portion 70 can have higher current
flow as a result of tunneling current. The tunneling current creates a flow of
electrons that locally heat storage element 141, thereby forming conductive
filaments through oxide portion 70. The conductive filaments are formed when
sufficient energy is forced across the oxide portion 70 barrier to heat the fusing
20 site, resulting in the state of the oxide portion 70 being changed permanently.
In other embodiments, the oxide portion 70 can be processed to be a dielectric
breakdown device rather than a tunnel junction device.
Figure 6 is a cross section view illustrating a third embodiment of a
memory cell 14 used in a memory storage device according to the present
25 invention. The construction of memory cell 14 is similar to the embodiment of
Figure 5 with the exception 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



current ranges are approximate current ranges for 0.18 micron process geometries, the actual current
ranges can vary in accordance with the actual process geometries used. In various embodiments, at
higher voltage potentials, such as when 15 programming storage element 141, the oxide portion 70 can
have higher current flow as a result of tunneling ctgrent. The tunneling current creates a flow of
electrons that locally heat storage element 141, thereby forming conductive filanZéntsrtti2ifigh oxide
portion 70. The conductive filaments are formed when sufficient energy is forced across the oxide
portion 70 barrier to heat the fusing 20 site, resulting in the state of the oxide portion 70 being changed

permanently semiserdustingatatenid/hee Geite ip sleresited-ayeparrbeeseemicsr g ectric

breakdown deice £athge iflrady RTSHIBRRIOR HRY bt P ARt suppacise wew ilustrating a third
embodiment of a_memory cell 14 used in a memory storage device acpordinf% to *ihe %Eesent 25

invention. THERFIRRNBRSFEmpRR 1) GalTedndng metalicsiatem Bb¥aTR: § With the

exception thaihen UILIAY eTediFdthee uiathedsitagcstiiangd angerialse thebmdamayyscetbisle phase-change

material%can be usetd
n

for a_read/writeable (or wrjte/era ri -ch layer in accordance with
the present irr%avagﬁwg 93&%% Ce?ﬁé%[%r%?egrﬁ! ‘&rﬁ%%?ﬂr%@e%uwﬁégb(ﬁiﬁg&jﬂgghﬁo GeTe can be

reversibly champedimants, o8micohae:thgngeroatenals)caakeiusedwdishdneidaabiiarstate by
undergoing q%timﬁgqu%gq%g@ﬁa@éﬁiggﬁgwa%ég'qﬂgﬁmigr&%%he GeTe is doped so that

it is p-type when inits 1 2006 semiconducting state. When GeTe Is deposited over an n-type
semiconduct&ieiayel ea SR & Hase 1€ BRSP4 G4n lm%hﬁmbsm@éﬁn@@%w &eross the junction
when compaggskis §e65, mehiGBietylis, Sateclestarius embodiments, when using GeTe or other
suitable1 hase-_chaﬂ?et ate#glﬁ ithe me% erg/ cell is 5 re_aa-wri'éetatéﬁn%[ ca Salglen gebu.?si,ng vv_ritte_n,
erased, 'and written. 17 OfHe? ﬂ&'&ﬁﬁ%&n : '?ﬁg?’%ﬁggg-ﬁ %%e RIS R 8 Which include,
but are to construct memory cell 14. These technologies include, but are not limited to,
a LeComber switch or a silicide switch. The LeComber switch is formed by
depositing a thin layer of amorphous intrinsic silicon over a metallic conductor
such as row line 16 or column line segment 18. The conductor can be formed
15 by a number of suitable materials which include Chromium (Cr). After the thin
layer of amorphous intrinsic silicon is deposited, a separate metal such as gold
(Ag) is deposited over the layer of amorphous intrinsic silicon. The LeComber
switch performs as a reversed biased tunnel diode before being programmed.
The LeComber switch is programmed by creating an enhanced concentrated
20 electric field through the amorphous silicon to form a conductive path.
The silicide switch is formed by stacking altemating silicon and transition
metal thin films so that the alternating films exhibit a changed resistance when
programmed. Generally, the programming process for a silicide switch is
irreversible. Before writing, the stacked silicon and transaction metal layers
25 have afirst resistance. Appropriate row and column lines are selected to force
a current through a selected memory cell. The current passing through the
selected memory cell creates Joule heat which triggers and completes the
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 cefl, a small sense current is supplied to the memory cell



not limited to, chalcogenide alloys such as GaSb, InSb, InSe, Sh2Te3, Ge2Sb2Te5, InSbTe, GaSeTe,
SnSb2Te4, InSbGe, AgIinSbTe, (GeSn)SbTe, GeSh(SeTe), Te31Gel5Sb2S2 and GeSbTe. 10 In other
embodiments, alternative state-change technologies can be used to construct memory cell 14. These
technologies include, but are not limited to, a LeC@mber switch or a silicide switch. The LeComber
switch is formed by depositing a thin layer of amorphous intrinsic silicon over a rdétdliie é®6uctor such
as row line 16 or column line segment 18. The conductor can be formed 15 by a number of suitable
materials which include Chromium (Cr). After the thin layer of amorphous intrinsic silicon is deposited, a

separate megidthehveliagadirgraceogs thereernpe celbitneastiad odAInEIPHsrinsic silicon. The
LeComber syfeERAHRIEMaRPIREBRASIRIBEOMPOM LN BRIAREWRLRIAGKRIBRA. The

LeComber switch is programmed by creatl_‘nﬁg an enhanced concentrated. 20 electric field through the
I

amorphous SHESIPtITied ocNiafil Rl I TRECSH FSE aRcHR e R ANBY stk RRE alternating silicon

and transitiogripetivriéwtsiBhiscrerimitibe méeiRalnGfibus exmpiundd withesllicerisand® when
programmed. Generally, the programming pracess fat. a silicide switchiis jreversiple JBefore writing, the
stacked Rilic6RH ‘H’?f"éng %’t‘l§ﬁ’m af ?a’;}%qu'ﬁgeﬁ;f??eo';"?Pégéiuﬁs?gﬁéerbﬂpgfgﬁﬁambﬁﬁand column lines
are selected ki, fbacV aangtieninivariaps 2mbedimentss therproskss lusuiatediin &igurg G¥ough the
selected me | | RePine! [;%'MQ icidasipn reaction. By
applying a coq%%’g%?gtgﬁggg%g@?%Léﬁ%ﬁgéﬂ%qﬁic&ed ar@etr%e oull?;t ﬁfeggt is concentrated in a

small area which afigueneise pressaertinmviewdleskatingafirsh exaRRRHAMRALIA t auses the

resistance optRe-SRIRHIFIASEIGPRNESthEK SRANEIgUR Y IMpstatalifvd BolaAfh ke Begaismmed memory
cell, a small sen el% rrent is su
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which includdsaxtend in a first dimension and are illustrated at 16a through 16c. Column

line segments 18 extend in a second dimension and are illustrated at 18a
through 18d. Memory cell arrays 14a through 14f intersect column line
segments 18a through 18d such that each column line segment 18 intersects at

15 least one memory celi 14. Each memory cell 14 is intersected by a unique row
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



are not limited to, Ni2Si, NiSi, NiSi2, Pd2Si, PdSi, and Pt2Si, and PtSI. In other embodiments, other
transition metals in various compounds with silicon can be 5 used which include, but are not limited to,
Ti, V, Cr, Mn, Fe, Co, Zr, Nb, Mo, Rh, Hf, Ta, W, and Ir. In various embodiments, the process illustrated
in Figure 6 is repeated to stack multiple layers to #@rm the column line segment stacks 26. Figure 7 is a
cross section view illustrating a first exemplary embodiment of a column line seg2fiehinstd6R®6. Figure 7
illustrates two column line segment 10 stacks 26a corresponding to a base conductor line illustrated at

36a. Row lines 16 extend in a first dimension and are illustrated at 16a through 16c. Column line
segments 1Soéb@éﬁ&Wﬁ'%ﬁﬁMﬁéﬁt@h'ﬁﬁH’ﬁhﬂﬁﬁtP&ﬂéﬂ‘ﬁﬂ'ﬂBé%i’?ﬁfggﬁ 18ma%8%ory cell arrays

14a through 48 dntoupastine!embdtimerteMastiatedan Figuess ¥ ddeeaiidtriteach column line segment

18 intersects at 15 |least one memory cell 14. Each memory cell 14 is intersected by a unique row line
16. In the illUEGPRRAIVEIAIMBMORFRIS I @ kiee Memancaels,14dnorsertinga SRR oupled to
column line sp@RaNimd 8sgnibat e8th abiembaaines cstheBsniatsieciamtssrosy cells 14 which do not

intersect the same row line_16. The interconnection.arrangem f row line salumn line segments
18 20 an memr%@r?/%gﬁifslﬁaé\lg‘\}ve lésg&ril erﬁ(e:m%or@@erﬂ'ﬂ? o @?r@gggggﬁé)c? Bg'ga%r)]%qtﬁg row line 16 and
column line de¥ghehleaagaiduerentesbighigande thleratadesponding select switch 28a or select switch

30a. Figure 8 is a é%cf_éoé‘%EWIQW@W@Q%W_%mB@We%BB%Wt of a column line

segment stack 26. Figure 8 illustrates an 25 interconnection arrangement for column line segment

stacks 26a wtistrates in Biaere® drigsaifhilHsbaies cAumplinesedmRntsiacscf®d that each column
line segmentfRigieLRRFFHEFER BuaREMebfard. oF BeFRIGAVE A Macsiining cdlusinatagl in Figure 7,

each column line segment 18 intersects six memory cells 14. In the empodiment illustrated in Figure 8,
smalIer1;9moﬁﬁ@]ﬁ"?ﬂiﬁéﬂdﬁﬁ%%ﬁﬂ@é@ém@ﬁg@?@t& RaMRRSL ngfgé?gwitches 28a or 30a to

sense ampliﬁeggﬁ&tcﬁim’nﬂg;m rEadbp@mﬂnﬁpbmm&at&cbmmnlﬁdWMS intersects three
rather than thg s JGEp6% GiliEn 4rd BaRHARG IR R cBlumn line segments 18d.

Column line segments 18d are aligned with corresponding column line
segments 18a through 18c. Each memory cell 14f is intersected by a row line
15 16 and a column line segment 18.

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.



14 26 June 2006 other embodiments, other suitable numbers of column line segments 18 may be used.
While the embodiments illustrated in Figures 7 and 8 illustrate respectively six memory cells 14 and
three memory cells 14 intersecting a single column line segment 18 in other embodiments, other
suitable numbers of 5 memory cells can intersect &ach column line segment 18, depending on the level
of leakage currents which can be tolerated. Figure 9 is a top plan view of the sec2tdunae2®dRiry
embodiment illustrated in Figure 8. Figure 9 illustrates column line segment stacks 26a through 26d
wherein conductive pillars or conductive vias 34 couple column line 10 segments 18 to adjacent column

line segments 18 bEigwer tdsaklopkedisssmeaf amelestrenic savies i asdrmdaneEit stack 26 includes
three row cqpdutisn iveitieR AfdraHRRNsEtas thdhRrealdimRisiBrRasReARsy dtdragelumn line

segments 18d are aligned with corresponding column line segments 18a through 18c. Each memory

cell 14f is intdR¥RedINslyaled AN deseripgd aboye ol e rakediment Hustralag DI layout view of a

memory carrieyr, 8tbielacRorRdegivd s heommrenEyvemion imipe ingsiagsdtes the three dimensional
illustrated and desgribed In the illustr %9%@7&“’ memory carrier

memory stora evic abov ed

80 includes oeraé%gg'r%n&%’rﬁerpﬁ%rﬁf g?greasagr EIeSS @Fﬁfea{aﬂrg&g\?&' esm&tg%a%rrr?en{s, memory carrier 80
can use any mmmmmam;stmmowrsWQelda@gpm i%l#f_iﬁditﬁ_it‘gfddé_?,ommenA, PC card, smart
memory, securecslighialifSiAlc MY ARERIASRICAA OwBieppiicttsis ooy ATA, and compact

flash. In the illustrated embodiment, memor\écarrier 80 includes a mechanical interface 84 that provides

for both mecBi9RRaS devica &4 san nsiide BIOS mermepn RIBAM seRow (BN REXAEHer 80. In another
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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



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. 15
26 June 2006 Figure 11 is a block diagram of an electronic device in accordance with the present
invention which incorporates the three dimensionakgnemory storage device illustrated and described
above. In the embodiment illustrated in Figure 11, the electronic device is a com@fiduggsiedd 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 appikedimentsshewnand siessijbatbwithoghdepartiag tierstasseana dithBRAM memory,
ROM, [ | d : . i nbodi t, 10
or variys é%‘f%é’éti&ﬁ”‘lﬂo%%&ﬁ@ﬁhQﬁ‘t‘ﬁs g%@\m&g‘j (ﬁ#ﬁ%ﬂgﬂﬁ é: %@d&?d“ odimen

microprocessor S IS connected to a storage device Isk drive, floppy drive,

CD/DVD drivéNeapanitaleaipaitical, anchenmpidies attsr aijbraasily appeiatedhalibeesseod and memory
circuit 94 canReiishGRGyB A IR MEMT P URAR WBK YBREGSH EBIBRHENR e 3@ invention. In the

illustrated embodiment, microprocessor 92 is connected to a display device 98 that can 15 include
memory StorRRPRANeRISIntendR i me hRIYAHaRtAtians i Nanations it arrierRd the memory
storage devicenttidéHirairetsetitcogsaditrecin DEharsiodedt sithanifeany imendsy tHatage application areas
within compuiey YRR ARHIAN isMRAiRLRCITREC LN Vs ef an pedded memory aray 20
100 in accordance with the presentinvention which incorporates the three dimensional memory storage
device illustrated and described above. In the illustrated embodiment, embedded memory array 100 is
fabricated ontop 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 equiyalent implementations may Bé $umzsgfied for the
specific 16 26 June 2006 embodiments shown and described without departing from the scope of the
present invention. Those with skill in the chenfiddt/Mchanical, electro- mechanical, electrical, and
computer arigymétliseasiilyeangreciate that the present invention may be implemented in a very wide
variety of embodiments. This 5 application is intended to cover any adaptations or variations of the
preferred embodiments discussed herein. Therefore, it is manifestly intended that this invention be
limited only By the dairamanydstorge diraten(tOiheosuflidifgCLAIMS What is claimed is: 26 June 2006 1.

A memory storage Q%Yé@%r(&%&fh@méﬁmﬂ(}(%Jif%i@"@aéﬁ%ﬁl&?mﬁ%‘éeéh@ﬁ)o%ﬁﬁ% having a top end

and a bottom end; a first and second first dimension conductor (16), wherein the first and second first
dimension cSAductors are substantially coplanar and parallel and extend in a first dimension, wherein
the first first dimensidinstand weiorra s elitse koo othoda eod( b thehidrsimpbenory aetdl and the second

first dimensiog ARG rBIEIoF el 08 SCLE S SEfBEL A IR alffishecond dimension

conductor (18) which extends in' a second dimension and Intersects t pen the first memory
cell: extend in a first dimension, wherein the first first dimension conductor intersects

the bottom end of the first memory cell and the second first dimension conductor
intersects the top end of the second memory cell;

a first second dimension conductor (18) which extends in a second
dimension and intersects the top end of the first memory cell;

a second second dimension conductor 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 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 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 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;



a second second dimension conductor 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 base conductor {36) which extends in the se@niidan28@§ion; and a
first select switch (28, 30) coupled between the first third dimension conductor and the first base
conductor, wherein the first select switch is configured to conduct a sense current from the first

memory cell or the seg@meh firgrapngssliie sheddist ke ConshiEar.tRe TiRe dneeARMNstorage device of
claim 2, further com%isi%?: %thir and fourth (r;remor cellt.eaclq hﬁﬁ)/ing a top etnd and a bottom end,
wherein the YOEGHA FIeH IR ARSANeBA0 GOMIHAL SR AT Btk B AT T TAE AR memory cell; 18
26 June 200szaair Erit sirdaneinsiopnclontivctod witibeter@ntheifirshérfitsirdanension, wherein the third
first dimensiepeRRAIAA ihOestinRaTdoheadiBrYhintis: sare5A itstAimengion conductor and not

between the first first dimension conductor and the second first dimension conductor, wherein the

third first diflEMEISIPRGABEEHY IS SYBSaMTRIK copfRaRar AN RAFEElRS HE' M and second first
dimension ceacuaddiist dinenesivtheotittdthrst dimerisitre durdfictodinies®actsriiectop end of the fourth

memory Ce”in‘i‘e@@@t?ﬁ?@%ﬁn %m%§Mggmngonﬂé%n;exten_ds in th_e second dir_nensiqn, wherein the
third second dimension conductor is substantially Coplanar with the first second dimension conductor
and intersects the B EHPSFORNEIRIRNHAENSORA SR 4V Rl ex A HIMesIBA conductor which
extends in thens€e88a, wherein the third second dimension conductor is substantially
coplanar with the first second dimension conductor and intersects the top end of
the third memory cell;
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 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 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.



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 conducgtrbung {¥6irst 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 base conductor. 4. The memory storage device of
claim 3, whefein eddiermamery starage dendse:cfelaitte Mbasein the§oRte RIEMEM a control element
(142). 5. Thejrpdsy v shege 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. 26 June 2006 19 7. The memory storage device of claim 4, wherein the control element includes
a diode. 8. The meMwyrRigieysERatRediteiof daivharaunsheirstheagioralgenslamestiore being
programmed, sconfigued 0 ndicals & WshiasisiARcR Halie YRR AIGaHURRE rpplied across the
storage element and the B0 esponding con ole emen{, And Wherein the storage element after being
programmeddisead viljagsdsanilied ’ceoss the slaraprAlemenl aad ercoreerpandiBBage is applied

across the SiQyARE BIBMERT, 2R ReraIaRR LAslAge ABHRIR B Bbifg PRSGFARTRSY mlorage device of

claim 4, wherein the storage element is configured to be electrically non-conductive before being

programmed*aRtigurediindicaie Ao erndRSIfARGR YRR WARR MR VOYRER Bed. 10. A method of
making a magspfitl a@fode Wirestbigd elentihanenmp isingsponding 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



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 condéciors 2@)68ubstantially
coplanar and parallel and extend in a first dimensigg, 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 ifRERRGR Yir(B31eH) Retitionadaryesp ha it rnd SRR MRINEBhductor segment
which extendssiiécoaBRP1HS AiibHalcRPdGIREMR EStHsKIb AT eSHdDadr Segiramry cell; and 26 June

2006 20 forming a via (32, 34) positioned between the first and second memoE/ cell to couple the first

conductor seWREIRINE R select MR % Gornled i havia s al the SRIRRSWIRBFR coupled to the via so
that the seleciopuiichacsenseoaaehitm skkedlingtimichrany ikl fosthasewoydeiemoltyecseitéond memory cell
to the base we gggteoébnductor





