A RESI STI VE MEMORY ARRANGEMENT AND A METHOD OF FORM NG THE SAME
Cross- Reference To Rel ated Application 5 [0001] This application
clainms the benefit of priority of Singapore patent application No.
201200484-2, filed 20 January 2012, the content of it being hereby
incorporated by reference inits entirety for all purposes.
10Techni cal Field [0002] Various enbodi nents relate to a resistive
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15 Background

[0003] As the physical limitation of scaling NAND flash memory is being reached in the
near future, several classes of materials which demonstrate bi-stable resistances have
been studied for high density non-volatile memory (NVM) applications for the next

20  generation. Among them, transition-metal-oxide (TMO) based resistive random access
memory (RRAM) cells attract lots of attention owing to their fast switching, excellent
reliability (retention & endurance), good scalability and CMOS (complementary metal-
oxide-semiconductor) compatibility. Therefore, RRAM is a promising candidate for high
density NVM.

25  [0004] FIG. 1A shows a schematic perspective view of a generalized 2 x 2 array cross-
bar memory structure 100, wherein one bit cell arrangement (e.g. as represented by the
dotted rectangle 101) of the array 100 consists of a RRAM cell (1R) only, sandwiched
between the conductive word lines (WL) and bit lines (BL). For example, the array 100
includes a RRAM 102a, of the bit cell 101, sandwiched between the bit line, BL,, 104a

30 and the word line, WL, 106z, and a RRAM 102b sandwiched between the bit line,
BL,+1, 104b and the word line, WL 41, 106b.



[0005] In order to elimnate the cross-talk interference from

nei ghbouring RRAM cells in an array structure and to avoid the read
error effect, a selector (or rectifying elenent), inplenented either
by 1D (diode) or by 1T (transistor), is required in each cell. [0006]
FIG 1B shows a schematic of a generalized 3 x 3 array 1T-1R (a
transistor and a 5 ARAM cel |l ) nenory structure 110. For a 1T-1R
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over or on top of the™R , vertically, between 6a anc
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and the third one bit cell arrangenent 131c} t hereby reali z'hng,?.
cell Brr e{WﬁeWéﬂTE 138aya sqgpndyene bigy Fﬂqaﬁgqmentl b sandwiched between the bit line,

BL,+;, 136b and the word line, WL,,, 138a, a third one bit cell arrangement 131c
sandwiched between the bit line, BL,,, 136a and the word line, WL+, 138b, and a fourth
one bit cell arrangement 131d sandwiched between the bit line, BL,+j, 136b and the word
line, WL+;, 138b. As a non-limiting example, the third bit cell arrangement 131c
25 includes the RRAM 132¢ electrically coupled to the diode 133c¢, where the diode 133c¢ is
arranged or formed over or on top of the RRAM 132¢, vertically, between BL, 136a and
WL+ 138b. FIG. 1D shows a schematic top view of the 1D-1R memory structure 130 of
FIG. 1C, illustrating a period or pitch of 2F (F refers to the minimum feature size)
between adjacent one bit cell arrangements (e.g. between the first one bit cell
30  arrangement 131a and the third one bit cell arrangement 131c¢), thereby realizing a cell

arrangement size of 4F* footprint.



[0008] FIG 1E shows a schematic cross sectional view of a 1D 1R
menory cell arrangenent 150. The menory cell arrangenent 150 incl udes
a stack arrangenent of a p-doped |layer (P-type) 151 and an n-doped

| ayer (N-type) 152, which collectively forma diode 153, which may be
equi valent to the diode 133 of FIG 1C The nenory cell 5 arrangenent
150 further includes a top electrode (TB) 154, a resistive |ayer 155
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BL (e.g. 136a) in the conventional ID 1R cross-bar architecture.
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a nanowi re, and a resi stlve menory cel

meet the RRAM switching requirements. In add1t10n the current through the diode may
not be big enough to trigger the RRAM switching with size scaling.
[0011] In addition, as illustrated in FIG. 1C, the RRAM (1R) (e.g. 132¢) and the

25 diode (1D) (e.g. 133c) are stacked vertically in between WL (e.g. 138b) and BL
(e.g. 136a) in the conventional 1D-1R cross-bar architecture. Moreover, the critical
dimensions for both the RRAM and the diode are exactly the same, which means that the
size of the diode has to scale together with that of the RRAM cell. This means that as the

size of the RRAM cell is increased or decreased, the size of the diode needs to

30  correspondingly increase or decrease by the same amount.



5including a resistive layer including a resistive changing nateri al,
wherein at | east a section of the resistive |ayer is arranged
covering at least a portion of a surface ofthe nanowire, and a
conductive |layer arranged on at |east a part of the resistive |ayer.
[ 0013] According to an enbodi nent, a resistive nmenory arrangenent is
provi ded. The resistive nmenory arrangenent may include a plurality of
nanowi res, and a plurality of 10 @%ﬁhg%;ve menory cells, wherein
each resistive nenory cell of the prurarrty of resistive nenory cells
i ncludes a resistive |ayer |nclud|ng a resistive changing naterial,
wher ei n st section of .the resistive |layer is arranged
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resistive layer is arranged covering at least a portion of a surface of the nanowire, and

20 forming a conductive layer on at least a part of the resistive layer.

Brief Description of the Drawings

[0015] In the drawings, like reference characters generally refer to like parts throughout
25  the different views. The drawings are not necessarily to scale, emphasis instead generally

being placed upon illustrating the principles of the invention. In the following

description, various embodiments of the invention are described with reference to the

following drawings, in which:

[0016] FIG. 1A shows a schematic perspective view of a generalized 2 x 2 array cross-
30  bar memory structure.

[0017] FIG. 1B shows a schematic of a generalized 3 x 3 array 1T-1R memory structure.



according to various enbodi nents. [0022] FIG 2B shows a schematic

bl ock diagram of a resistive nenory arrangenent arrangenent,
according to various enbodi nents. [0023] FIG 2C shows a flow
chart illustrating a nmethod of formng a resistive nenory 10
arrangenent, according to various enbodi nents. [0024] FIG 3A shows a
schemati c perspective view of a resistive nmenory arrangenent,

accordin [ enbodi ments.. [ 0025]. Fl B s he i
cr o5 scaPPBIERC RESF bR ottt A2 4 Poal R A BpHRMR,
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embodi ment of FIG 3C taken along the line B-B'. ~ [0028] FIG 4A
shows 5a J00RIFEIGc2Ambows evecbématiar blotls tiagmmefre mysisitve angpeors rarangement,
20accordi ngoral%fg\{ari ou %?’ﬁ&)lglielquts. [0029] FIG 4B shows a schematic

atc O vVariou .
Cross sectionaFP view o e resistive nenory arrangenent of the
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enbodi ment of FIG 4C taken along the ITne DD . [0032] FIGS. 5A to

5C shidw sehegemdnt acearding sevariogpambodimgatsof respective resistive

menory ar ng s, i . L.OUS: i S 0 :
o ano 6BV R ETEH & shBFER shoBtl Bt Bkl ol RO BN Snemony diierien>
resi sti vecdfdimen®vaticas embgdirentss Wi th nmulti stacked resistive nmenory

cells, ac[ﬁ(%s(ii IP'?% t3% \g 5\1ivso %S scﬁlrgpn%‘gci: rrc?‘gs:[ss'sectional view of the resistive memory
arrangement of the embodiment of FIG. 3A taken along the line A-A’.
15 [0026] FIG. 3C shows a schematic perspective view of a resistive memory arrangement,
according to various embodiments.
[0027] FIG. 3D shows a schematic cross sectional view of the resistive memory
arrangement of the embodiment of FIG. 3C taken along the line B-B’.
[0028] FIG. 4A shows a schematic top view of a resistive memory arrangement,
20  according to various embodiments.
[0029] FIG. 4B shows a schematic cross sectional view of the resistive memory
arrangement of the embodiment of FIG. 4A taken along the line C-C’.
[0030] FIG. 4C shows a schematic perspective view of a resistive memory arrangement,
according to various embodiments.
25 [0031] FIG. 4D shows a schematic cross sectional view of the resistive memory
arrangement of the embodiment of FIG. 4C taken along the line D-D’,
[0032] FIGS. 5A to 5C show schematic cross sectional views of respective resistive
memory arrangements, according to various embodiments.
[0033] FIGS. 6A and 6B show schematic cross sectional views of respective resistive
30 memory arrangements with multi stacked resistive memory cells, according to various

embodiments.



[0034] FIGS. 7A and 7B show schematic cross sectional views of
respective resistive nmenory arrangenents, according to various

enbodi nment s. [ 0035] FIG 8 shows a schematic cross sectional view
of a parallel integration of a resistive nenory arrangenent with a

| ogic CMOS device, according to various 5 enbodi nents. [0036] FIG 9A
shows a schematic perspective view of a vertical integration of a
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Features that are described in the context of an enbodi nent may
cor r eSpondi ngl y

Detailed Description

[0040] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
20  may be practiced. These embodiments are described in sufficient detail to enable those
skilled in the art to practice the invention. Other embodiments may be utilized and
structural, logical, and electrical changes may be made without departing from the scope
of the invention. The various embodiments are not necessarily mutually exclusive, as
some embodiments can be combined with one or more other embodiments to form new
25  embodiments.
[0041] Embodiments described in the context of one of the methods or devices are
analogously valid for the other method or device. Similarly, embodiments described in
the context of a method are analogously valid for a device, and vice versa.
[0042] Features that are described in the context of an embodiment may correspondingly
30  be applicable to the same or similar features in the other embodiments. Features that are

described in the context of an embodiment may correspondingly be applicable to the



30 be applicable to the same or sinmlar features in the other
enmbodi nents. Features that are described in the context of an
enbodi ment may correspondi ngly be applicable to the other
enbodi ments, even if not explicitly described in these other
embodi nents. Furthernore, additions and/or conbi nati ons and/ or
alternatives as described for a feature in the context of an

enbodi ne . opgi.n I o;. .t o) | 4
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a feature el enent.includes a reference t.o one or 1o of .t he
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t he phras@nilatfedt@@sh theWash ambbdhledis. may include "exactly” and a
reasonabl e variance. 10[0Q045] In the context of various enbodi nents,
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val ue andyith LR3990t Ruk Y ANRS: inbRA40] iRl oEbPIre dfific FERMs or

"and/or" 1nc es any an I nat1 ons of one or nore o
associ at edenhénét ed itens. [0047] As used herein, the phrase of the

B Corr edMTRANS SRS el BOTHmeRoy e arshr of lad el AT &

or C', orindlidd ‘4dhdiy” babd & FRkorlabktv@fandeens, may include any and all
conbi nati ons._of one or npre of the associated listed itens. [0048]

vari ols dfstililntlia confest af varioys swhpdisiatic et mbeyt” dewprlisd tgfghumeric

met hods  Qfy1fe@REdriMssdd IheSeGht WRWIA8S rédloftib@ V8RS, LY. 20[ 0049] Vari ous
enbodi ments provide resistive random access nenory (RRAM cells

and/ or arlpedfjerensed hiersin, thg keraefrsilioy” mohuden bt phd aliempbinaiddeMf one or
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arr angerrerflﬂ? S.
[0047] As used herein, the phrase of the form of “at least one of A or B” may include A

15  or B or both A and B. Comrespondingly, the phrase of the form of “at least one of A or B
or C”, or including further listed items, may include any and all combinations of one or
more of the associated listed items.

[0048] Various embodiments relate to semiconductor memory devices and methods of
fabricating such devices in high density.

20 [0049] Various embodiments provide resistive random access memory (RRAM) cells
and/or arrangements for high density non-volatile memory (NVM) applications and
methods of fabricating the RRAM cells and/or arrangements.

[0050] Various embodiments may provide resistive memory arrangements having a 1R
(RRAM memory cell) architecture, a 1D (diode) + 1R (RRAM memory cell) architecture

25 ora lIT (transistor) + 1R (RRAM memory cell) architecture. The selector (1D or 1T) may
enable proper switching of the intended resistive memory cell to minimise or prevent read
error effect. The 1D may be a nanowire-based diode and the 1T may be a nanowire-based
transistor.

[0051] A RRAM cell may have a metal-insulator-metal (M-I-M) configuration. A diode

30  may be formed of a pn junction. In various embodiments, one of the metal layers of the

M-I-M structure may be a common layer to the RRAM cell and the diode, meaning that



[ 0050] Various enbodi ments may provide resistive menory arrangenents
having a IR (RRAM nenory cell) architecture, a ID (diode) + 1R ( RRAM
menory cell) architecture 25 or a IT (transistor) + 112 ( RRAM nenory
cell) architecture. The selector (ID or IT) may enabl e proper
switching of the intended resistive nenory cell to mnimse or
prevent read error effect. The | D may be a nanow re-based di ode and
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around  cell may be formed over the diode, where both the RRAM cell and the diode extend
laterally from the side or circumference of the nanowire, at least substantially
perpendicular to a longitudinal axis of the nanowire. In other words, a 1D + 1R stack or
arrangement may be formed surrounding a vertical nanowire, laterally integrated around
25  the vertical nanowire.
[0056] The RRAM cells and the resistive memory arrangements, including 1D + 1R or
IR architectures, of various embodiments may be fully CMOS compatible. The RRAM
cells and the resistive memory arrangements of various embodiments may be fabricated
based on the 32nm technology node and beyond.
30  [0057] The resistive memory arrangements of various embodiments may be employed

for all non-volatile memory (NVM) application related areas, suitable for both stand-



25t he vertical nanowire. [0056] The RRAM cells and the resistive
menory arrangenents, including 1D + 1R or 1R architectures, of

vari ous enbodi nents may be fully CMOS conpati ble. The RRAM cel |l s and
the resistive menory arrangenents of various enbodi nents may be
fabricated based on the 32m technol ogy node and beyond. 30 [0057]
The resi stive menory arrangenents of various enbodi nents may be
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group V endediments; eong. ornmpreogemofynit pelemay talspstosubstantiaby nspriosid .,
ol ot r o FsAl B EiaRlient MyhARoug be RS P Saptald kR hBBoun,
di ode selmadess., or (3) one contact electrically connected with an
addi tzisonall(]Oéjli](igev'arious embodiments, the materials for the nanowires may include but not
limited to silicon (Si}, germanium (Ge) or III-V semiconductors including one or more
group III elements (e.g. aluminum (Al), gallium (Ga) or indium (In)) and one or more
group V elements (e.g. nitrogen (N), arsenic (As) or antimony (Sb)), which may therefore
enable the nanowire to serve as (1) a bottom electrode for the RRAM cells, or (2) one
30 component of an additional diode selector, or (3) one contact electrically connected with

an additional diode.



[ 0062] In various enbodi nents where the nanowire materials serve as
the bottom el ectrode (BE) of the RRAMcell, a thin resistive |ayer
having transition netal oxide(s), including but not limted to

haf ni um oxi de (H 02), titanium oxide (Ti02), alum nium oxide (Al 203),
t ant al um oxi de (Ta205), nickel oxide (NNO, tungsten oxide (WO, with
5 or without dopants, may be deposited around the nanowire to serve
as the SypbeAirD o iofl Glblifhent S8R hffuh@Y RhecBY RE/a8 R0 ittom
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conductive layer may be first Tormed before the deposition of the

resi sti veNiGes). Subsequivethynat thin tesigieve gersasedaserilivd dibabo fellowed by a metal

layer as described above may be deposited and patterned to form 1D + 1R memory unit
cells,

25 |0065] In various embodiments, the silicide material may be formed, for example by
depositing a metal layer on a silicon (8i) nanowire, which are then subjected to a heat
treatment, for example using a rapid thermal annealing process, in order to form a metal
silicide.

[0066] In various embodiments of a resistive memory arrangement having a RRAM cell

30 (resistive memory cell) with an extra diode selector, the nanowire materials may serve as

a contact electrically connected with the diode, which may be formed around the
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[ 0067] In various enbodi nents, the respective sizes or dinensions for
the RRAM cell and the diode sel ector, when present, nmay be controlled
separately and flexibly by tuning or changi ng the nanow re di nmension
(e.g. length), and/or the contact area of the top el ectrode (e.g.
conductive layer) and/or the diode around the nanowire. 10 [0068] In
vari ous enbodinents any one or each RRAM cell may have two swi tching
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bet ween td&trﬂ@d’\&V% E@@@@v@aﬁmj QR1/drabd Siblly /oNRIMBE arRite. 203 whi ch may
i nclude electric coupl i ng and/ or nechanlcal coupllng [ 0070] In

vari dds dRtlilaaatiaus epkodiaeniniany oroorirash BEARM el gpatt ryerg; stifching
memory cqﬁ&kgQ@ndggkggg;Lw*mn%pgmgggtext of various enbodi nents, the

term"resistive nenory ce may i ncl ude a nenory cell of any k|nd
whi ch rra;{OQfé’] St chéd shewsween sthomatic robec shiagras el hiabiresistgredi thémomynt
reS|st|v vaIu [0072],. 1 n the context,of. vario enbodi ment s
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sectidn dFSISttWé lﬂéeg 128 finrénding  resigsiye ﬁﬁ?}lgﬂg ReteHplg BRI Fdesy agRetipn of

the resistive layer 204 is arranged covering at least a portion of a surface of the
nanowire 202, and a conductive layer (e.g. an electrode) 206 arranged on at least a part of
the resistive layer 204. In FIG. 2A, the line represented as 207 is illustrated to show the
relationship between the resistive layer 204 and the conductive layer 206, which may

20 include electrical coupling and/or mechanical coupling, and the line represented as 208 is
illustrated to show the relationship between the nanowire 202 and the resistive memory
cell 203, which may include electrical coupling and/or mechanical coupling.

[0070] In various embodiments, the nanowire 202 may be part of the resistive memory
cell 203.

25  [0071] In the context of various embodiments, the term “resistive memory cell” may
include a memory cell of any kind which may be switched between two or more states
exhibiting different resistivity values.

[0072] In the context of various embodiments, the resistive changing material may
change its resistance as a result of a change in its resistivity.

30 [0073] In the context of various embodiments, the term ‘“covering” may include

embodiments where the section of the resistive layer 204 may be arranged directly on or
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over the portion of the surface of the nanowire 202 for covering the
portion of the surface, and/or nay be arranged with intervening

| ayer(s) in between the section of the resistive |ayer 204 and the
portion of the surface of the nanowire 202. [0074] In various

enbodi ments, the nanowire 202 may have a | ongitudinal axis, and 5
wherein the surface of the nanowire 202 may be arranged at | east
substanti L4t 0]
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a resistive nenory cell (e.g. RRAM cel ) 203, a portion of which
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at 2515 eat@tweyubévpathJlaMyanduahoumao e betwreni sbsun 04, nwiandeabett 188, a

i h | b d h
Ponot ¢ et <25, 1 nbf apd 486ue it B PollF Guharnadehicltmm.ar. o
202. I'n VR QHbEHPRDI (R Rhe abéut A0ih| RRh&Hd 1B %Bg&&'aﬁsﬂltmﬁ th@Hﬁ%htéf@f‘tlﬁay

at | east substantially surround the nanow re hr oughout
entire | engstiveddyer A4 manbedlexbl202. I n vari ous enbodinents, the
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202. I'n various e '| ‘Bast
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sur r oundiangngdeenh 2A6 wiayeinglode wn@élm 8929rTlsdreslétlweﬂsmamf)@a@@ngmeme%Oﬁs

of the %Tﬂrqﬂélﬁﬁg%lféﬁstlv[a%e%éy c Qhéremfl C3|, g%%gg)g}sog l}Vhl}T%l ymalT\éEgn

enbodi men rmsurroun enc
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surrounding the nanowire 202. In various embodiments, a portion of the resistive
layer 204 may at least substantially surround the nanowire 202 throughout the entire
length of the nanowire 202. In various embodiments, the resistive layer 204 may cover an

30 end (e.g. top end) of the nanowire 202.
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wi thin a boundary or height of the resistive |ayer 204. [0080] In
vari ous enbodi nents, at |east a portion of the conductive |ayer 206
may be arranged at | east substantially surrounding the portion of the
resistive layer 204 which at |east substantially surrounds the
nanowi re 202. This means that at |east a portion of the 15
conductive layer 206 may at |east substantially surround the nanow re

202. Herjgof Gn G4 %Hb\é&‘nﬂeg%o, %%1%01}& Jﬁﬂ%‘ét 15 ‘?aBBﬁfoh%‘Pt freélﬁﬁ/e

conducti yer 206 arrang sta tia surrounding t
porti on dhyer B84 pesigsd mmnﬂ dlyelon @0dlirmt @:um dnd hdenamanmlmmaydlag Elxa
be referred to n terns of GAA an hitect 008

"n var s odenei dpered ™ EonteBhon SritnE £ et Meurdy e ol e
arranged aadhitedrel BlRS, (HeuBStBRNARY DY4 54111040 HeHbritonFHTthd AkisRed Ia?;@rnoaf
the nanowire 202. This means that the resistive | ayer 204 or t

porti én c¥rapgrd ?telgii%tspb%aqtlai})érsuawdﬁwth@dtanﬁ@%g@arrpabsb? refored thes a
nanow re « %Q%EEH%HMQQQHéG%ELm@mﬁkﬁﬁéIength of the nanow re 202. [0082]

In variou I ments e resistive layer 204 and the conductive

| ayer 20({00@] Imdlemonmgaﬂvaamm eabtdimeltst thatanal ‘syrand? angmeael“atdiscE™t 0
each ot her an that at .25 | east, one ective surfac
Cole. % oL iy e alarapecie fm el Fai S BfeobE e e d s e
204 and tshectaddchind@ileagey, 206 may be arranged in the sane plane or
fl ushed mﬁth each other, [0083] In various enbodi nents, the resistive
menory arlPeid dientiossoambedimentsi Biet condugtive-lpyst 306, mAY bsf Freanged confined

behavi okl Solfflin/Haishl th&%lsﬁ@éla%ﬂm menmory 30 arrangenent 200
may behave as a d|o t here providihg an intrinsic diode. In

vari ous dftdilmyatieus mﬂ@dnmg}tstat venst ayertioROof thedondvetivnhgrec 206y maly dger
206 may def ' gne% £ leastn surbstantla(l:ly surrounding the portion of the resistive layer 204 which at
least substantially surrounds the nanowire 202. This means that at least a portion of the
15 conductive layer 206 may at least substantially surround the nanowire 202. Here, the
conductive layer 206 or at least the portion of the conductive layer 206 arranged at least
substantially surrounding the portion of the resistive layer 204 around the nanowire 202
may also be referred to as a “gate” in terms of the GAA architecture.
[0081] In various embodiments, the portion of the resistive layer 204 may be arranged at
20  least substantially swirounding a partial portion of the nanowire 202. This means that the
resistive layer 204 or the portion of the resistive layer 204 may not necessary surround
the nanowire 202 throughout the entire length of the nanowire 202,
[0082] In various embodiments, the resistive layer 204 and the conductive layer 206 may
be arranged at least substantially coplanar relative to each other. This may mean that at
25  least one respective surface (e.g. a top surface and/or a bottom surface) of the resistive
layer 204 and the conductive layer 206 may be arranged in the same plane or flushed with
each other.
[0083] In various embodiments, the resistive memory arrangement 200 may exhibit a
self-rectifying effect or behaviour. This may mean that the resistive memory

30  arrangement 200 may behave as a diode, thereby providing an intrinsic diode. In various

embodiments, the resistive layer 204 and the conductive layer 206 may define an intrinsic
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di ode. In various enbodi nents, the resistive |ayer 204 and the
nanowi re 202 may define an intrinsic diode. This nay nean that a
separate diode or rectifying elenent may not be necessarily provided
for the resistive nmenory arrangenent 200. [0084] In the context
of various enbodi ments, the nanowire 202 may serve as a 5 conducting
channel . [0085] In the context of various enbodinments, the resistive

menory ar ; r I I
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any sili 38 r@wfapyﬁﬁ‘ﬁ%ﬁvﬁ}eﬁé’%“‘{@e S‘béﬁﬁtfovi ded. [0089] In various
enbodi WEF[UGSG]tIh@aIH(ﬁ.&IeﬁiHoﬁmdn&y&fe naﬂélwmwomﬁaﬁbédwpgﬂe | ayer or may

25include a nmultilayer arrangenent. [0090] In the context of various
enbodisner{flgfi’fltIﬂethPe%qnéwv%f YRONSi AYLIAIIERt.a then@ynqirq a8 may rigruds iaon

netal oxi s@ﬁacoh@lfdt&qhﬂgngufncﬂﬁﬁngl B@nﬁ)?ﬁmﬁt@d Mlﬂédﬁr@SW bbnabl#PeDe) and a

titani umoxide (Ti02), al um ni Um oxid . tant al um oxi de
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20 [0088] In the context of various embodiments, the nanowire 202 may include silicon. As
non-limiting examples, the nanowire 202 may include a silicon nanowire, a polysilicon
nanowire (i.e. polycrystalline silicon nanowire) and a silicon-germanium nanowire.
However, it should be appreciated that any silicon-based nanowires may be provided.
[0089] In various embodiments, the resistive layer 204 may be a single layer or may

25  include a multilayer arrangement.

[0090] In the context of various embodiments, the resistive changing material may
include a transition metal oxide, including but not limited to hafnium oxide (HfO,),
titanium oxide (Ti0,), aluminium oxide (Al,O3), tantalum oxide (TayOs), nickel
oxide (NiOy), tungsten oxide (WOy) or any combination thereof.

30 [0091] In the context of various embodiments, the resistive changing material may

include a dopant (i.e. doped), for example including but not limited to germanium (Ge),
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tellurium(Te), antinony (Sb), silver (Ag), indium (In), chrom um
(Cr), nitrogen (N), selenium(Se), tin (Sn), silicon (Si), bisnuth
(Bi) or any conbination thereof. [0092] In the context of various
enbodi nments, the conductive |layer 206 may include a netal, for
exanpl e including but not limted to platinum (Pt), tungsten (W,
nickel (N ), 5aluminum (Al), a nitride alloy or any conbination

t her eof it rde i: . I Ly t i i
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| engt h of (0098} Thahewbiitext2OR variduk Senfiayiniendy) thd) pbrtioh egfetht resiginm Owldre2(202
extends froma substrate, the resistive |ayer 204 or a portion,
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resistive |layer 204 may haye a. thickness of between about 3 nm and
about 15 PR O. | B0 BAARBSOD G beresh Bkt §-Iriachbo Bt i Pefpigen abou

bet ween ahpyt, a%d”sfﬂoﬂ{‘ﬁio ahOoWLiwee Eﬁ‘au‘?flo%f \Aﬁ—‘cfa‘o&@qgim,% AP Y fim 1S
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mul til aye tructure of the resistive |ayer 204 X _
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25 nanowire 202 may be flexible. In various embodiments, the resistive layer 204 or a
portion thereof may fully cover the nanowire 202, e.g. equal to the length of the
nanowire 202. This may mean that where the nanowire 202 extends from a substrate, the
resistive layer 204 or a portion thereof may contact the substrate directly. In various
embodiments, the resistive layer 204 or a portion thereof may be arranged towards a top

30  portion of the nanowire 202, for example with a layer height of about 0.1 nm.
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have a total thickness as described above. [0097] In the context of
vari ous enbodi nents, the conductive |ayer 206 nay have a hei ght of
bet ween about 0.1 rimand about 2 tim for exanple between about 0.1
nm and about 1.5 tim between about 0.1 nm and about 1 pm between
about 0.1 nu and about 10 500 nm between about 0.1 nm and about 100
rim between about 0.1 nm and about 10 nm between about 10 nm and

about 1 Nd . t 2100 1 i
100 nm ariPosBah g e AR T MplbARMARAL skPReIhiR RoeP 2RESEEY B R,
t he condubitkness bilyetwe@0boney nineantilabsrattlSenm, | for examipbaisctendnoabioneh tisy, artihe
hei ght of ,the conductive | ayer 20 r a portion thereaf may
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the resi sin delayfive I%Qr 204 @aPBé b isPRlct RS %iafnag have &fnultBa%t structure, e.g.
substantially surrounds the nanowire 202. [0098] In the context of
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about 30 [697ra RO caleit of5Grivus Thbodioredtse theveondagtere 120G 20ymbye have a
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Cri -1 ayer et fhpawesh gt 0h@ad THom 2 A Aoreple s echebag il o apd
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t he context of various enbodi ments, the tefrm "nanow re" may nmean a
nanostor uci00rmem,ebetreeshi algut Odr maxamnipdbeut h0& nhp regtweagdiabaht @il rmee tandapout
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conductive layer 206 may be flexible. In various embodiments, the height of the
conductive layer 206 or a portion thereof may correspond to or at least substantially

15 similar to the height of the resistive layer 204 or a portion thereof that at least
substantially surrounds the nanowire 202.
[0098] In the context of various embodiments, the conductive layer 206 may have a
thickness of between about 10 nm and about 50 nm, for example between about 10 nm
and about 30 nm, between about 10 nm and about 20 nm or between about 30 nm and
20 about 50 nm The conductive layer 206 may be a single layer or may have a multilayer
structure, e.g. bi-layer or tri-layer or more, where the multilayer structure of the
conductive layer 206 may have a total thickness as described above.
[0099] In the context of various embodiments, the term “nanowire” may mean a
nanostructure extending, for example in a longitudinal direction, with dimensions in the
25  order of nanometers, and may be used interchangeably with the terms “nanorod”,
“nanopillar”, “nanocolumn”, “nanotube” and the likes.
[0100] In various embodiments, the nanowire 202 may include a core portion and a
peripheral portion at least substantially surrounding the core portion, wherein the core
portion may be doped with doping atoms of a first conductivity type, wherein the
30 peripheral portion may be doped with doping atoms of a second conductivity type, and

wherein the second conductivity type is different from the first conductivity type.
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peri pheral portion at |east substantially surrounding the core
portion, wherein the core portion my be doped with doping atons of a
first conductivity type, wherein the 30 peripheral portion may be
doped with doping atons of a second conductivity type, and wherein

t he second conductivity type is different fromthe first conductivity
type. [0101] In the context of various enbodi nments, the core portion
may have [ : I 5
TRy nave B R o 50 ABRONREL TSR 0l GL SR ABOY,
bet ween a@bwsseciionshdamehsamaibec@@en apoud & trwesnl ahbait0026n, |fomsxamdledjoo;uﬂen
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el ectr onSnat&mmpaﬂSWIIt}omﬁdo@ugbtodopmgaeai-mdar e al so generally
referred to as acceptor atons. [0104] The term "n-doped” may nean a

host Yat 40103 Thederm sp-depsdd vt Hedop PAY) material that iy ﬂ%@dﬁﬁ% PORIYE gems
extra COQHA{%A}W%C%@&MWEO&& Sdtg QondBLA! 8l host &%ﬁw KB debdighgl N

an electrical I'y conducti've n-doped host material wth an excéss
nunber ofvagavigieh éeﬁlbehmrlcmsﬂ(enégaltomv,ekrwmhasr belds. c¥uchi dapsig aBme relepong

atons are_al | S50, gener, referred to as donor atoms. [0105] In the

context Sf"Vart 6u¢ en%alé,z;Icce t?ratov\,lﬁ\ere the host material may be for 20
exanpl e 40104¢ dhe teviri Cldbjgeda néayoipan d/hedtenmadial thidies Basld wieh espind aiais
be doped or inplanted with Goup .Ill doping atons or el enent for
exanpPe BEAGRAY(IBPYVIdEIPYH? ﬁ?rﬁiﬂffe% sleciiong & Flﬁeﬂﬁ’ﬁ‘(lﬁ%t?“alt they Vﬁ?%eﬁp 24838 d

materi al ’elééﬁnzq}??@gnd%twémh efQ)si"!nBtI&nﬁr WHIP arY e QR M O BoBlle electrons
el emrents, for exanple phosphorus , arsenic (As) or antinony (Sb)

to form dnegativdpebarsed eariiers). Spel dqmg atomst 41e also gersrallyofeleyvedito @s donor
enbodi rrer?% doping may be carried out with a dopant concentration of
between about 1 x 1017/cm 3 to about 5 x 1020/ cm 3. [0107] In various
enbodi nmerjoB)5] thehe @petepoof vatouseymielimemg pehlerante thiost more'rlpheraal be for

Por L1 gn 1y, B DRIOPSd. 8 Neator PO o RSP S o
‘implanted with Group III doping atoms or elements, for example boron (B),
aluminium (Al) or gallium {(Ga), to form a p-doped material, or doped or implanted with
Group V doping atoms or elements, for example phosphorus (P), arsenic (As) or
antimony (Sb), to form an n-doped material.

25 [0106] In the context of various embodiments, doping may be carried out with a dopant
concentration of between about 1 x 10'"/cm™ to about 5 x 10?%cm™.
[0107] In various embodiments, the core portion may be p-doped and the peripheral
portion may be n-doped or the core portion may be n-doped and the peripheral portion
may be p-doped.

30 [0108] In various embodiments, the core portion and the peripheral portion of the

nanowire 202 may define a diode.
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30[ 0108] In various enbodi ments, the core portion and the peri pheral
portion of the nanowire 202 may define a diode. [0109] In various
enbodi nents, the resistive nenory arrangenent 200 may further include
a second conductive layer (e.g. an electrode) in between the nanowire
202 and the resistive layer 204, wherein at |east a portion of the
second conductive | ayer may be arranged around the |ongitudinal axis

and at ﬁ@f@] f[ﬁbv%h@@' g}bbm His' Wge{sﬁﬂvé rﬁ?en?o élﬁelﬁ%i) Jngyvfﬂfth&us

enbodi ne , e second conductive layer the resistive
nenory c ehctlucmh?sec{nﬁilm]iudtwe\mfer Gus ag nhotmde&nt ls:twedm&he Bagiostinie\202 lang tre
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surface) of the resistive 10 | ayer 204 and the second conductive

| ayer 5rraylaﬁ‘éW%i‘F 2 de darions: webodipents (thgheccond Fondepian iy imaakbhprat pethe
[0111] qeﬂﬁﬁkqgﬁnﬁgpﬂg%@pnts the resistive layer 204 and the second
m

conduct i ayer Ine an intrinsic diode. [0112] In the context
of vari odﬂlﬂﬂmdﬁh@ntemboﬂhneme(thmnbsmmwdlayem Abd dndyibe satmyd corcluctie layer

15net al , for exa i.nc ted t um (Pt
{ongst en TP AT RRet xR SOsATiatYcoPBhgr R e BhEl i R i e
conbi nat la@[hatthﬁlee@stpe&h@ satfacrel @e. @-Hp@)ﬁuﬁ@é/aﬂdﬂﬁh&ﬁﬂoﬁ%rfﬁéﬂ) off k¥ regétivieco
tltanlun1n|tr|de 4 N), tantalumnitride_ (TaN), hafnlun1n|tr|de

al um Kumlier 20Aiang thengpeond sapdicine Hives maw be wwpnese i Hp saBRiBIARg élﬁsh'\é'ab
t hereof [ hbihet he context of various enbodi nents, the second
conductive [ayer may have a 20 thickness of between about 5 tun and
about 10 [0LH] I (yari@)sannpi:toelirtmttmﬂlamreaib@m lagert 204 amddhebrsand gomddueiove layer
bet ween antl)é)y &ef%e an 1n rmSIc‘;jl 3 t 10 m.
[0112] In the context of various embodiments, the second conductive layer may include a
15  metal, for example including but not limited to platinum (Pt), tungsten (W), nickel (Ni),
aluminum (Al), a nitride alloy or any combination thereof. The nitride alloy may include
but not limited to titanium nitride (TiN), tantalum nitride (TaN), hafnium nitride (HfN),
aluminum nitride (AIN), tungsten nitride (WN) or any combination thereof.
[0113] In the context of various embodiments, the second conductive layer may have a
20  thickness of between about 5 nm and about 10 nm, for example between about 5 nm and
about 8 nm or between about 8 nm and about 10 nm.
[0114] In various embodiments, the resistive memory arrangement 200 may further
include a peripheral layer in between the nanowire 202 and the resistive layer 204,
wherein at least a portion of the peripheral layer may be arranged around the longitudinal
25  axis and at least substantially surrounding the nanowire 202, wherein the nanowire 202
may be doped with doping atoms of a first conductivity type, wherein the peripheral layer
may be doped with doping atoms of a second conductivity type, and wherein the second
conductivity type is different from the first conductivity type. The first conductivity type

and the second conductivity type may be as described above.
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[0114] In various enbodi nents, the resistive nmenory arrangenent 200
may farther include a peripheral |ayer in between the nanowire 202
and the resistive |ayer 204, wherein at |east a portion of the

peri pheral |ayer may be arranged around the |ongitudinal 25 axis and
at | east substantially surrounding the nanowire 202, wherein the
nanow re 202 nay be doped with doping atonms of a first conductivity
type, wh r ﬁg% o at iy f
a secondelbﬂ uctlvR'%;é BGEKL ﬁﬁere‘ﬁpﬁﬁgﬁggqmﬁ%h@§gdﬂhﬂgs3%@ §%e
i's d|ffeﬂantnmwdmutmgmﬂmrﬂmrmnnﬁueQDanybbmakmedhmiﬂmq&hpb@ﬂdm&tmm&ty
type and .t he,second conductivity type may be as descri bed above.
[0115] Iﬁmﬁb?ﬁﬁgs enbodi nents, the nanowire 202 may be p-doped and
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Egr 'ppgg‘r)gcl n(l.i&Yl%[ty Qﬁ% Qﬁd Whg%[i) ﬂ'leas%gor}&gonﬁgamg' t%é ﬁsp&?f{ﬂ%lnt %r%Xle{he giindl

conductivity type. The first conductivity type and the second conductivity type may be as
25  described above.

[0120] In various embodiments, the first peripheral layer may be p-doped and the second

peripheral layer may be n-doped or the first peripheral layer may be n-doped and the

second peripheral layer may be p-doped.

[0121] In various embodiments, the first peripheral layer and the second peripheral layer

30 may define a diode.
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[0121] In various enbodi nents, the first peripheral |ayer and the
second peripheral layer 30may define a diode. [0122] In the context
of various enbodi nents, at |east one of the first peripheral |ayer or
t he second peripheral layer may include a material including but not
limted to silicon (Si), germanium (Ge), a |Ill-V senm conductor and an
all oy thereof The alloy may include but not Iimted nickel suicide

(65 LS AP lyo SRy gt LS. KPS o o

ni ckel geithanesindi pertjghetali I%I nay | @dlAad¢ 4 mndté]‘ﬂil cincinéixg oft wetr liovted to

enbodi nent.s, first perj ve s of

bet ween aHEGH (§§mﬁau 68@? ?B‘ﬁ{hsem @w&%&v@ aaéﬁ%gﬁreaggﬁ? alloy iHayng
about 8 nMide sk WaSN 1ABRl HekeM anddabeusi)1itmAOlAkar] (T1si) heobalt
context of various enbodi nents, the second perlpheral | ayer may have

a t hi cknesicidst(QosDwaiskelateinuns sitisida (NRBOURIckd gemaride (Miphsng nickel-
bet ween out 8 rimor between about 8 nm and about 10
nm [Olz%ggﬁno?hemegﬂﬁ%xt "of various enbodi ments, the resistive
menory ar[nmmmm caftextnafy vdrious I”earboidrmdntmiehaﬁrst gresipsdralr labaervinag have a

first sou /dra term,nal ., a sec ur ce/ dr ai 15 ter and a
Lt o 1 or HhEERSE B Bty ETT TRt 5 i SR BT St SoBielh Tl hapopes i bhd
el ectri capbyt Mﬂksﬁw%& i00at 8 ami mliaysutmenmly cell 203. In various
enbodi nents, the nanowire 202 may be electrically coupled to a bit

Iine Ws vi8134]dn thy eentesd of ivArousserabadgnenin the sccon petiphsral doer swydiesr

term nal. 1: 981 Gerly €LY ngsﬂﬂyan‘a%b%uﬂ)'rﬁﬁ foPeh éﬂ'etlwleéheabohpfl%ﬁﬂand”

t he cont ext various enbodi nents, the resistive nenory arrangenment

200 20 nmjooﬁmmrherbcm'eémdmuas hmqmd abourtd(]lntn el ect r| cally coupl ed to

t he nanow 02, and/ or the resis cell 203. The

cirourt rRiEsaR e BnE  araRs e bi BlBatey eR R RGP TAPE Y

ar r angenahiiy £08er ia¢lddes trs@vdrd@ding Qﬂ'ﬁlitablﬁcé/ﬂﬁ[ﬁ fehBinkIe 8 b&bhd SourBydbiv

arrangenment 200. The logic CI rcuit i nclude a transistor haV| n%
Yy

firstidsoupmringrand @ gais epiel, wheegdn 1§bmuefé/daﬁlautﬁml@qlrﬁlq¥alre
gate ter reoﬂgl d 1P Bk Pstsfile hﬁnioﬁecapmsemvﬂouyaab&ufﬁeﬁgtmghmm 208 iy

term"source/drain termnal™ of a transistor may refer to a source
term nal ter elactdcedlyncctuphdl toad bltAlsnet hﬁE“SBLHSCééSCt esrmingads @mmontadictodheifmst
term nal of a/dtra%gp gg. ) 1 {Tl bfabrlc ttoead Sy ﬁh t hat these
ter m nal SR D Ihﬂ%ag 5 %‘%arn}? Pe SPYRELOAN TP ey be

col | ecti voi36]raftes E@ﬁeit%fa&rﬁﬁyéﬁlbbdihﬁhﬁ ﬂﬁrlﬁhﬁla}esmemmyvﬂ{dn(gbment 200
enbodi ments, a_particular source/drain_termnal rmay be a "sour

30t er#fi nanasb’f‘urﬁlev Yickidgma Yogiensireait sdrspiaaty rguRjsd f%@ie\mp?‘g@% 2% 2p or the
appl i ed tQq kRN REABR03. The logic circuit may be integrated and/or embedded with the

resistive memory arrangement 200, and/or provided separate from the resistive memory

arrangement 200. The logic circuit may include a transistor having a first source/drain
terminal, a second source/drain terminal and a gate terminal.

25  [0127] In the context of various embodiments, the term “source/drain terminal” of a
transistor may refer to a source terminal or a drain terminal. As the source terminal and
the drain terminal of a transistor are generally fabricated such that these terminals are
geometrically symmetrical, these terminals may be collectively referred to as source/drain
terminals. In various embodiments, a particular source/drain terminal may be a “source”

30 terminal or a “drain” terminal depending on the voltage to be applied to that terminal.
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Accordingly, the terns "first source/drain termnal" and "second
source/drain termnal” nmay be interchangeable. [0128] In the context
of various enbodi nents, the term "coupled" may include el ectrical
coupling and/ or nmechani cal coupling. In the context of various
enbodi ments, the term5 "coupl ed" may include a direct coupling
and/or an indirect coupling. For exanple, two devices being coupled

to each olsra Ry (IE &bl LABLOAM Btk haCoUBhi 19,006 PELUGER
the two device nd/or there s an irndirect coupling pa 'Bet ween t he
two devi aesy beangrchungeablee or nore interveni ng devices. [0129] In the
cont ext variqus enbodinents, the resistive nenpry arrangenment .2Q0
10 may iﬁh’r’@iéﬂ gwp‘ioﬁﬁeéf? YATGRS PRRUPPRIE tﬁfé‘?ﬂpy C‘E‘gﬂq‘f‘g %@‘“@3&%8‘8“&5 rt
from eacho@SIReY ardl @NHechahi8 Polptg. th ehdN@MOW: Le vadas MMRIIBhhtE A1 term
resistive nenory cell 203 of t}i)1e lurality of resistive menory cells
203 i Acl ueewled rmeay Biclude a dirget cpling ard/oidmpdacstosirlings For preamaila gwo
mat eri al , L: ' LSt V. e

be. arr angSaisy Sty oppERak Aebaick ekl B hbd e ol Houhie TR
sur r ounditrgvdehetha awovdavece? GRd/oankikra id aa dndivet icoeplirgypath 286renr the gerd
on at | east. art. of the resjistive er 204. [0130] In other words,

a | a
a pl ural i¥y*°6% E’@t élé‘li’n%?’f%i‘ﬂbeéﬁrgﬁieg‘,ng\ﬂﬁ‘é¥%* each stack arrangenent

i ncl udes (81799 3h $hd ¥hté:RYST vadBds afbodmenBate tredlfivead@hordOfrank&BER 00
defining a resistive nenory cell 203, may be arranged or forned al ong

t he |@ngtmayonclufea phydity pEssiive mymearysells 403 spacest apagdrom pacd qtearglong
[1s 20 i f

ot ween tishEh SEBESEIRRE 200 \OBAE IR Myillo §300F 8 B SHy of

cont ext atsisteveinoarsorg whldd R nchides & resimting dhybre 2@ prebdingt e cksishiat clidnging

ry orv ARGl P 63 TR ROSRls PP PR POhi e
nanow r e 1gemdiel taRE EEBiastlede duﬁMQﬁtiaﬁQ%tﬁfﬂuﬁdiﬁ%Vﬁ?&SnzﬂlﬂwﬂﬂdZQE- ghd taop

end or top end surface) of the nanowire 202. 25[0132] FIG 2B shows a
schendt i copfiustire ivaigtemrenes e lesst anartRies spsisivedayadht 220,

accor di aniﬂg\{ﬁ"bﬂﬁi" %vo?&@ggﬂvﬂ?lﬂ?%f _S;(ribﬁ aﬁ%ﬂeﬁkhﬁ?wmyh Gadi arrangement
arrangenment 220 1 ncl udes plufality of nanowres 221, and a

pl ur al i t yngdhdasesiesistive layendddy awkh Icon@Rfye Wyer 806 thereby defmiing iavesistive
menory cell 222 he plurality of resi.stiye,menory,cells.22

e uttes g el pod Wi rltd nCprhhiohd YE PRI bhng Rinedfeg 20 e
mat er i al ,phaQldyesteictisite hRasty aclkentl o Phcddngpaiefiomt ¢aek dilddr eyitl? @4gaps
arra\rfla%ed cqovering at |east a portion of a surface of a respective

nanowi'r e deanedpety e thogdiesntyeseYivR BIsBREY €dls 293 and a

[0131] In the context of various embodiments, it should be appreciated that there are

embodiments where the resistive layer 204 or a portion thereof may surround the
nanowire 202 throughout the entire length of the nanowire 202, or the resistive layer 204
only covers an end (e.g. top end or top end surface) of the nanowire 202.

25 [0132] FIG. 2B shows a schematic block diagram of a resistive memory
arrangement 220, according to various embodiments. The resistive memory cell
arrangement 220 includes a plurality of nanowires 221, and a plurality of resistive
memory cells 222, wherein each resistive memory cell 222 of the plurality of resistive
memory cells 222 includes a resistive layer 204 including a resistive changing material,

30  wherein at least a section of the resistive layer 204 is arranged covering at least a portion

of a surface of a respective nanowire 221 of the plurality of nanowires 221, and a
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conductive |l ayer 206 arranged on at |east a part of the resistive

| ayer 204, and a plurality of conductive lines 224 electrically
coupled to the plurality of nanowires 221 and the plurality of
resistive nmenory cells 222. In FIG 2B, the line represented as 226
is illustrated to show the relationship between the plurality of
nanow res 221, the plurality 5of resistive nmenory cells 222 and the

plurality : | [ ' tr i
Coupt i ng SarE SHE] 20k kP ot tcadt ol g SR 2B il 3Pl
resi sti veofroemducyive dinks 229 eleatmigalish eoupdsi ®t the ehiraljtgrof2@dowites 22inaut theve
| ayer 206 ,0f..each resistive nmenpr el | 2 be as correspongdj.ngly
dodcr i e PAIORE LSRR megrory T 220e il FCn oty Ps SSRRFRRT 0000
FIG 2A iflGstfafl34]shdw thdFel Bidashayrbadiede tHeSplurk g d¥lndh@kirdsy220f the plurality
conductive lines 224 may .include a plurality of first conductive

li nesS widresisivg meapeceilledd and theopliadity oé condyetivr lingse24, uvkich mayof
first co i . it L ] d to the respective
nanow r quézi%,ié %%3Féagﬁ%pgﬁ%?%(?g{lﬁl%§ﬁglf Xlscgg%ll%{&? conductive lines,

wher ei n d013% fiach nneveec22id cednatsistivermemorecalf 222h eng kher @bistive lafer 204
second conductive |ines,i lectrically coupl 0 a.respective,.
Smanory B8 pnsve R 0o okt p eatPBrE 2d Eued A5 RGP ReSpsBingiy
pl ural i t Ydegdribkdl 1Bthe COMBUGH kheGredi st Mty Afaklicinehi 200 fFBES)A. [ 0135]

FIG 2C shows a flow chart 250 illustrating a nethod of formng a
resi st vdOkddhdn yarpysy pbodimentsq theopluralily o6 conduchyss lingrodt mspt igClude a
[0136] At LB e Th i @B AYEe A
Iongitudﬁ%ﬁ? x?gﬁﬁggﬂTgﬁgy Ik?&ggg?eé'?ég%ggyﬁéﬁfayepm%ﬁgfgafng?gw
resi sti veolohliygi{fgstnendudtiak linss fsorlentikallpirengid tathe|respsttive mpeowire 32 bf

the resistive | ayer .is arranged covering ai l.east a portion, of .a ..

surface P DRRENY ol S BB s dRp IS Htes Pl R Pt i o tve

on at | edfle of fapluralitytdfeset@nl sdnduéetivealyres.is electrichill 38iplédtov arrePestive

enmbodi nents, at 254, t resistive layer may be patterned, for

exanplie IBURPH S i%%@'? %ﬁm}urﬁﬁ% gE.SIS%{mm}nom Selh 2P oS5 RlyGRITY e st

at 256, tgggd&gggﬁﬁgsiryg,g@ﬁgﬁnégggL e patterned, for exanple using
[0141] FI

I'ithography process. A shows a schematic perspective
vi ew of d01IKGi ¢€ shomsra flow chart 250 illustrating a method of forming a resistive

memory arrangement, according to various embodiments.
[0136] At 252, a nanowire is formed. The nanowire may have a longitudinal axis.

20 [0137] At 254, a resistive layer including a resistive changing material is formed,
wherein at least a section of the resistive layer is arranged covering at least a portion of a
surface of the nanowire.

[0138] At 256, a conductive layer is formed on at least a part of the resistive layer.
[0139] In various embodiments, at 254, the resistive layer may be patterned, for example

25  using lithography process.

[0140] In various embodiments, at 256, the conductive layer may be patterned, for
example using lithography process.

[0141] FIG. 3A shows a schematic perspective view of a resistive memory
arrangement 300, according to various embodiments, while FIG. 3B shows a schematic

30  cross sectional view of the resistive memory arrangement 300 taken along the line A-A’.

The resistive memory arrangement 300 includes a nanowire 302, a peripheral layer 304
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arrangenent 300, according to various enbodinents, while FIG 3B
shows a schematic 30 cross sectional view of the resistive nenory
arrangenment 300 taken along the line A-A". The resistive nenory
arrangenent 300 includes a nanowire 302, a peripheral |layer 304 and
a RRAM cell (resistive nenory cell) 306. The nanowire 302 nay act as
a contact, for exanple as a bottom el ectrode (BE) for the RRAM cell

306. [01 T ' . I f g d
t he It[JngiZlat%ldcﬁ na R@)&%lgﬂ%@lvgflﬁ%ﬁ%y%gﬁpongg% g&ﬁ?&gi?éj?%glt%gu %?ag(r:\ |téa%1ltj’lny
sur r oundi fogexanplawradwittom d&@2rodd [BEHopthe RRYaviakll Bag.er 304 may be

formed ov r..on th i ph | surface 303 or circunfergence of the
nanovi r o 965 TRPHBEREL IR DLy B0l GeTagEi AR i KR P

I engt h ofaxidmm 1 neMBdnkERwAR23 02T e |AGT substgitally |sadSindBQAtheB¥nd@ird 90TeChel N
contact with the nanowire 302. The peripheral |ayer 304 may behave as

a rectsi firerivheral dyepriddi gwyr betioryehgver fascen thnoberinbeal spdageag0heoror
may form @rggh?%&lcg lPhh Oth b%ﬁ%ﬁw e ﬂ‘g?i}ﬂhergrlolaﬁér%gargﬁbe\’\fome& ﬁx?oughout

nanow re orma di ode. erefore, an additio or separ at
di ode maythbenpthofitbedarfosiret302. Thspaiphwel hpanits ne) be 80Med i detiddct Hitk

RRAM cel |, (1R) 306 be fornmed. or anged, around t he. | ongi t udi nal
T s 501 b PRl AR T e phont 9k 204 BRSGLAT B Fy LT Snb R ithe
peri pher akctlffingrefRe4 and GhdréfBreABP bt fof n2fortne dBRAV BEbh it8 Qv &Y mAE
formed over or aon the peripheral 15 surface 305 or_ circunference_ of

t he p¥ri pRestiar withtae napuvirer3, fmv dieds Howlomyamedditinngeer separaigliedet
with the I . [l 306 may be fornmed at

| east subrg%%ﬂﬁ}gflﬁ%/d gﬁ%ﬁ%ﬁﬁﬁg@i@% ‘portion of the nanow re 302
and t he {d8143)RéeRRAN) ecll BIR). 30hmaRRANbortd oi3@Gangey arount uble lengitudinal

resistive_l r d a con tive |layer (. ...as t el ectrode (LTE))
i | et o o A2 by et Sl i i b Bl
extend | ain@rié hyndwien3oerhsi RIRANT cdll BOAIHa@RNfoemef otdicornandeigedpiida.
The additi onal _di ode sel ector or extrinsic diode includi ngl t he

per i pHer aluripes 0> aosreumigrepre dohrparhsradetr 306 ThreRRANbGFl d0Bgpy be
and/ or t hg, RRAN Galabe BHR ’thesﬁl{rfpﬁbi'ﬂﬂfas)& idaeTH@RMM%ﬁg%s ang lﬁ:;(ifo?ﬁ%ﬁat

laterally fromthe peripheral surfate 303 or circunferencé o
nanowi r e 18&P subFtaetiddtsoswrounfiag RRMMial portion of the nanowire 302 and the peripheral

layer 304. The RRAM cell 306 may include a resistive layer and a conductive layer (e.g.
as a top electrode (TE)) as will be described later.

20  [0144] Therefore, the RRAM cell 306 may extend laterally from the side or
circumference of the nanowire 302. The additional diode selector or extrinsic diode
including the peripheral layer 304, may be formed adjacent to the nanowire 302 and/or
the RRAM cell 306, surrounding the nanowire 302 and extends laterally from the
peripheral surface 303 or circumference of the nanowire 302. Therefore, the RRAM

25  cell 306 may be formed over the diode, where both the RRAM cell 306 and the diode
including the peripheral layer 304 extend laterally from the peripheral surface 303 or
circumference of the nanowire 302, at least substantially perpendicular to the longitudinal
axis 301. In other words, a 1D + 1R stack may be formed surrounding the vertical
nanowire 302.

30 [0145] The RRAM cell (1R} 306 and the 1D including the peripheral layer 304 may be
stacked laterally in between a word line (WL) and a bit line (BL). This may allow control
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25 cell 306 nmay be formed over the diode, where both the RRAM cel |
306 and the diode including the peripheral |ayer 304 extend laterally
fromthe peripheral surface 303 or circunference of the nanow re 302,
at |l east substantially perpendicular to the longitudinal axis 301. In
ot her words, a 1D + IR stack nmay be formed surrounding the vertical
nanowi re 302. 30 [0145] The ARAM cell (1R) 306 and the 1D i ncl uding

the periphefal. a}L%Y@é Fl§%4 f‘%{?ﬁi}}%%gﬂz E&éjaxll & sBlebtdy | ; i H%g%ﬁtgﬁaelgtewj:{nq

l'ine (W) and |srraya owcon
respect i vitexihily bg twfing the deRéisionairsiZ8G6 tlamniamhzareslmmaroi)u,(ei the. RRiAMd@)l

tely.and. fl ipbly.b i th
D e iy e, e o bR e.tfgﬁ?acgﬁ&g'dgnaoélﬁéﬁtﬁ?wg@ Hediged, for

HD, tor aaﬁéismltaesvdlwhvf% CAlkd,edtich 4 ShitfigtratloRObit k@Ekrbrer miL\pRIS i &vay to
swi tching. Also, such a conf i guration or structure may pave the way

to 5 iSnt apteaKate @%%OIOWO%MM%WVP@%@W@MW 304G aﬁgewﬁtﬁs@ls n@yEyire
with vert v, X!

enbedded (Fﬂlglﬁisvg yl g}%}remr%/%?l\(}\/ﬁf%le i %g?cfggﬁg%[lg?%g{eaﬁ %\ }g@vgh@v\s
a scherratapphmsq)ectl ve view of a resistive nenory arrangenent 320,
accordin io odi men while FIG 3D sho a schematic 10
oy o0s sodPHRARE, IS, SRR TRLR L PRRRHNY P AnGerbnSOE (kY
al ong t hexrfahgi@ndst B20, atb@ding b ShiMe diessdiierdd, VAR EITENBD3A0wE AGkhdegica
nanowi re 322 and a RRAM cel | (resistive nenory cell) 326. The

nanowi% e 23958 spetipnalcyiew oF thegsibtisrmemesy aurngrmeat 420 Brebtlopnitellwed-Bae
BE) f
) e RSB bl e AN o B S B S48 000 ol

formed or arranged arounh
nanowir e (w@tiv'amehm celyuiPst The nandwires3R2 maypdenag 4 hentmanfoniekan@2 2s a

The RRAM c on the peripheral surface 323
or circun P’é“ne 1 8?&1@%%%‘8%% g?%‘he RRAM cel | 326 may be forned
i n cont aq014%]tThet RRANRBEIM IR BR2mayibe BFRAM 6ehirard26 ardmd abe @giradinalt

| east substanti C%I Ly surroundl ng a partial portion, of the nanowre
302. Phe WRAMLYIthe 3eRPWHER 339 At lFa¥ substadjallyjsyaoynging thy e Adkictheve

20l ayer (rerRAM &3 P6LLR K BEhéOGR: b & l)he%%nf{ﬂek’:ll s@ﬁao@%§§ roi' pi%n{f@:(teﬁée of
[0148] Therefore, the RRAM cell 326 na |aterally fromthe

peri pher ahe ganoiires3 222 BhaoRRAM celhd 2 mac be Ermedén ermteshivith Usomnowire Baast
subst ant '@15' IXI}RE/{(&?I@GCIH;; Ple o0} %aéc{‘,—ﬁ 1Lnal Et‘éﬁ'ﬁ{iﬁ) suﬁxhlfdugé% paAlQl &)otnhon of

wor ds, surroun
322. 25 [thd A&}ovﬂﬂ‘tﬁ?&@ T GeRvENft ceblf 3 d6h@an Mefzﬁreﬁﬁﬁveﬁh@eﬁ zhﬂ d:\’Rﬁd‘dthB}el

20 A ANSELOUS AT LSS, TSRy actaigerent 520, may show o

confi gur gpi48) ERANRAY B HRARC LA YT n%h@ﬂeﬁ&”late-rﬂ@ BBMMthe peripheral
surface 323 or circumference of the nanowire 322, at least substantially perpendicular to
the longitudinal axis 321. In other words, a 1R stack may be formed surrounding the
vertical nanowire 322.

25  [0149] The arrangement of the nanowire 322 and the RRAM cell 326, and therefore the
resistive memory arrangement 320, may show or exhibit self-rectifying properties or
behaviour, e.g. a 1R configuration showing self-rectifying behaviour. The RRAM
cell 326 may exhibit or possess self-rectifying properties or behaviour and therefore may
behave as a diode, thereby providing an intrinsic diode. This means that the resistive

30  memory arrangement 320 may exhibit or possess self-rectifying properties. Furthermore,

in addition or alternatively, the nanowire 322 may be configured as a diode, for example
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cell 326 may exhibit or possess self-rectifying properties or

behavi our and therefore may behave as a di ode, thereby providing an
intrinsic diode. This neans that the resistive 30 nmenory arrangenent
320 may exhi bit or possess self-rectifying properties. Furtheinore,
in addition or alternatively, the nanowire 322 may be configured as a
di ode, for exanple by form ng respective n-doped portion/region and

p- doped po‘}’ Itoh‘ﬂ{i'% rg%JeQLnVB 1:[ Iagf;e%lf ﬁoﬁom&lg%%pﬁfdﬁég?ﬁégg%%l Bﬁt #?S%fme a

necessary -for esistive range oug
not pr eclsapteate dhale nzay eddi heccmsmhy fm t]semalsm@endnmgfel,rraﬁgmn@x ahtihlaﬁhagh

described in the context he resistive arr n nt.3
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configuration or struct to integrate on€
such r esﬁSRAthefblmglyt & an@elnmdtoﬂe %@hwﬁ&h tve*edahcﬁh di¥e nanen, dﬁq@(ﬂﬁ

devi ces C e..desirabl e for enbedded non-vol ati] e nenor
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320) or 1D+ IR éy resistive menory arrangenent 300), the RRAM

cel | Yoe. qangwse S afiyigene Weeh pray abe | dgpun lso@rrrﬁylbﬁédeﬂs ngpwelatiley

formed ar I@a@ in e.g. 302, 322) with no or alittle, if
any, pl anlggﬂ%ggp% glgtl:e ngAs showmn in FIGS. 3Ato 3D, there nay be

2 stack s[ﬂliﬂdtlmr\espusjepbodimagtsowf tekisti gwineniornn grrprgepentsi iesludig t e oRIRAM

cells, i w t.h.an extra di ode sel r tive

o hemifE ot g resmRt el % B g v Eve hemey,
(e.g. T esirshisheenfBOM| theaRRAM E4IE (¥.g.308, 3H)Ghd B péaipsheDlayef-004 1§ be
resistive_menory 20 arrangenent 320, the RRAM cell 326 _with the
nanowsr e dalzezﬂsa@rawsc%?% F AEROWiRe (€. gre3P2p 34 Deuih s qr-a ikl fyﬁnﬁgplanar

properti ;%?aéecbc&yﬂkdj AV shBWRTFRES. A 1o/ R heE 1Ry bEDIsekk strdddred Jdegéngﬁn

shows a hemati'c top view of a resistive mendry arrangenent
accor di ngont the savitiching reoroidisnefinths  RRvM| ecllf) . WiEh shewsa alicle releator ¢e.g.
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(e.g. resistive memory arrangement 320, FIGS. 3C and 3D). For the resistive memory
20 arrangement 320, the RRAM cell 326 with the nanowire 322 as a bottom electrode, may
possess self-rectifying properties to avoid or minimise any read error effect.
[0152] FIG. 4A shows a schematic top view of a resistive memory arrangement 400,
according to various embodiments, while FIG. 4B shows a schematic cross sectional
view of the resistive memory arrangement 400 taken along the line C-C’. The resistive
25 memory arrangement 400 may be similar to the resistive memory arrangement 320
(FIGS. 3C and 3D), where the corresponding or like features of the resistive memory
arrangement 400 may be as described in the context of the resistive memory
arrangement 320. The resistive memory arrangement 400 includes a nanowire 402 and a

RRAM cell (resistive memory cell) 406. The nanowire 402 may act as a contact, for

30  example as a bottom electrode (BE) for the RRAM cell 406.
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25 nmenory arrangenment 400 may be simlar to the resistive nenory
arrangenent 320 (FIGS. 3C and 3D), where the corresponding or |ike
features of the resistive nenory arrangenent 400 may be as descri bed
in the context of the resistive nenory arrangenent 320. The resistive
menory arrangenent 400 includes a nanowire 402 and a ARAM cel
(resistive nmenory cell) 406. The nanowire 402 may act as a contact,
for 30 exaisd)eriRSRRAROLERMOB! &6y iAd&ded BEksilie D& RAMGRlh #8d the

[ 0153] The ARAM cell 406 may include a resistive |ayer 4 arranged
around t Hengipdipiat aufis Il efkihe moawe 40Reandaatdeast suliantiahyl sarroynslingt the
substanti al | v. oundi ng.the nanow.ye 402 nd. a,con tive | aye

310 ar r argeerint L 209 BRaleiSs PEPPHO Greiin a0 SrSRRBHRL I Gu i e
408. The redsivatlayee40Rn Ve rddBive aiyer 408chef theefvat siso tHeR BRI elialDb nh@he
may be 5f;orned over qQr on the peripheral surface 4Q3 or )

ci r cunf erBHRY Qfer Phen Higmshph@alsysiacer il qrééch%lfe&@wggw ngHevira§0hhe
formed i neg@RkagierMosNmhN B oMM MEcohPR: wifhethé QRAMG Y62 | BeEorfidQivany
act as a contact, for exanple as a top electrode (TE) for the REAM
cel | 406.layes 410 Ineast pcitasde contRitGlor4mamplecas ariciictaciredd Gy fod 1e RRAMe

o ne M BT, 9 Sy s ARG b Sl e

t her ef or éoahdmy bhiseigha oif gieirvdstivayaker 4083 andforfanpfaotavkdtrattutceast

subst ant i urr.o i ng ial. portion aof .the n wire 402. This
250 foarbtad ek RGiIchR, ol et e i e St BOF o ipned o
sur r oundsedshgubeRhtidIB suRShidifNa PartiANRriA IWhe BardQfre 40D ETIHOMNEW FlehnéGhat

| ayer 410 may be formed over or on the resistive |ayer 408. The

conduct i ke |capductiyg dayesyt 19eatt pasresnbitantadlyt surroundls the hertink gpriopved the
| 40 i Shi t 410 .
ayer glgaa-\pﬁe 43! l=.-‘6’1 npééfﬁé ﬁg%s?gﬂ P.SEQ(FF‘% 9@%&% bv& &P}éﬁrthe érQs{llg[R)é

be arran or forme east s anar relativ
each ot hdayerd88.i Thaisbonaicgde ilayer| 430 4By B Famjed The cedtactewith hibe ARANIve

cell 406 ma tend | at.eral | om,t he peri pher al face, 403 or
oF T Ut or B 408t T s R el 4 30 4B RSP idn A0 e’ Barled or
per pendi Cohnddd dt PeakiMAbAREIIY UGB réXtve t4@doh diifer shBistMRA @S FIG 48R
stack may be fornmed surrounding the 20vertical nanowire 402. [0156]

The st acKOLY divgefent tt REvAMnaalbui (e mpo2 extend lptemllyt from [ty eerinlgal
and the GARGUCIIsVE ci@)ififeréht of E@%agwlgé 962, %X ol dubSifiltla 1%3)9{?'55&%&&%
y I ode Iments, the

properties, there behaving as a . I'n various e

resi st i vehé¢ ongrtudifd and46 hdnoomtuedridy en 1R yséack 44y bajorfred uooudidg the
an intri nsirtc i ode. Ig further enbodi ments, the resistive |ayer 408
and t he V4 %%O?Vérei % may formor define an intrinsic diode. [0157]

FI G 4C 90056} ThesgkmatirgeeritS PR ael ¥mowieW0f the r&Sstist ilvRer MBR0INA the
arrangenent 450, according to variqQus enbodinments while FIG 4D shows
a schematSordudtiye aveett, g1y shew ehvednbi srif-egdfying Rapsysse igrely bhayineeast

450 t aken, gh,889nA%ohd BRbddifents e rEs‘?ﬁvétl!l £ 408 7Ry Xh@EJﬂﬁ&Wquger‘Lﬁ@
includes a nanowire 402 and a I_R’RAM ce 406 30having a resistive
| ayer 408nanidra ot deifchecan ininkia yendeh0urthdriestpodimentisethagesitive taybedtDs and
the context of th esistive ry.arrangengent 400, except that the
nan ova%r ee[ﬁf)%an&wuteﬁlgﬁ may%rm &r AR 1S GE4E
[0157] FIG. 4C shows a schematic perspective view of a resistive memory
arrangement 450, according to various embodiments while FIG. 4D shows a schematic
cross sectional view of the resistive memory arrangement 450 taken along the line D-D’.
The resistive memory arrangement 450 includes a nanowire 402 and a RRAM cell 406
30  having a resistive layer 408 and a conductive layer 410, which may be as described in the

context of the resistive memory arrangement 400, except that the nanowire 402 of the
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resistive menory arrangenent 450 includes a core portion/region (e.g.
region 1) 452 and a peripheral portion/region (e.g. region 2) 454 at
| east substantially surrounding the core portion 452. The core
portion 452 may be p-doped or n-doped (P/N-type) while the peripheral
portion 454 may be n-doped or p-doped (N P-type). In other words, the
core 5 portion 452 may be p-doped while the peripheral portion 454
may be n- 1 iJ:

peri pher 5@%@%@%%&2%2%%% eggi%j- %@Bé%% {SFB%%P 2&8%‘?& yghég@%érll(gl mtgzc%l;i e
portion 45%ripheral ptiperagpndegl ragommt 2)cti44% keastempsantiallg lsyrrolopay the core

dopi ng ato di ent or osist e _cqndugti vity t - doped .r egi on
and e dopRHRREg b g b @R Bt ey erAhest i P - crls e
form ng gedpesd purfidhi 454 hay 10 nndvpedior @-dbpad (I/RLSH). il EtherShorghans cére
schematic cross _sectional view of a resistive menory arrangenent 500,

accor di ndoriPnAi radisbeirienadidniedhe neiphewd patipy 454 E18% by ndopsheicthe fore

500 i nol yan:snangn Lo it e REMMbGERribS 854 24 e RR ek,

506. The 'nanow re 502 may be doped, for exanple n-dope ype) or
p- doped (b®-haypng)the Tore] 6] 4ThendraMeciphdral pdRio5 8% rapedbiaclf aloped] with

arranged around the,.longi t udi nal axi 10] f the nanow r.e 502, at
oot CcutsBPHL fafnt Vil bhabRS e rnRuctsty firdoS-RBRE Hriiiaidd n- R
may i ncl yelgom niBSbs forved| wildn thd Samdwiangez] heeby doriify laodigdd wathiathe
axis 501 of the nanowire 502 and at | east substantially surrounding
t he n@noﬂaP%Wﬁﬁﬁgz-and a conductive layer 510 arranged at | east _
subst ant '&91385_[ F3ar rRUNALRY 4 NBhdBRISEiNE ded¥Shal 308y @@aﬁh‘%isﬁ%‘%&hér}{ﬁ
| ayer 510 may act as a contact, for exanple as a top electrode (TE
for the RRAMardnk 506. assordingudor aadous nerpba@imems. tThe cesistivst i mentory
| ayer 510._m i ithin t j

resistive n{%%eg?e%éé@(ﬂngngg% %Vlrl%ﬁl&nwérea%gtagg%r@?ﬁ%[c%%gr(%glsgﬂéem?%lg&%ll\)/306'
| ayer 508hamdndvies SEndarebe depet afpeexanile rdypdid Natype)na@cdoped {Bryped at

| east su i, al copl.anar. relatiye to each other. 25[ 016 Th
resi st vﬁﬁiémv @%Hﬂgﬁéﬂéﬁ%) ot e s R tepnse ag%l&éﬁée elitere
layer 512xfs0yorest tRE nadMdvanRosD, af REGGubishtla0P Ghirsieidnal thetagowisd 5¢4. tHae
nanowi re 502, at |east substantially surroundi ng the nanow re 502.

The  secorRRh etk 50 aniyaipehids 1 ravisive dayeor B caronesd srouh thérongitudinal
secortRebhe . aetd o _
Second carifagt o) 4R Bt 162 REANERE SRl 4RI fEnstRie N, nd

t he 30 nanowluneivb0er Thearsageddt leomn duistantialy ayeondi theaysiltevellayersds.i n
contact wi,th the nanow re 502. The second.conductive | ayer 51
Corioide rsttondE ek 57 Ragact a5 EHRAMCL SRMS0ES 9P v (LB for

contact, thORRAN LB S0AAsallRRHatedTh FIECIA AHE cdBBtivedhydr B0 HRS LS lbNhed
menory arrangenment 500. ) o )
within the boundary or height of the resistive layer 508, and forming a stack structure.

The resistive layer 508 and the conductive layer 510 may be arranged or formed at least
substantially coplanar relative to each other.

25 [0160] The resistive memory arrangement 500 further includes a second conductive
layer 512 formed or arranged around the longitudinal axis 501 of the nanowire 502, at
least substantially surrounding the nanowire 502. The second conductive layer 512 may
be formed over or on the peripheral surface 503 or circumference of the nanowire 502.
The second conductive layer 512 may be formed throughout the length of the

30 nanowire 502. The second conductive layer 512 may be formed in contact with the

nanowire 502. The second conductive layer 512 may form part of the RRAM cell 506.

27



[0161] As illustrated in FIG 5A, the resistive |ayer 508, and
therefore also the RRAM cell 506, nay be fornmed or arranged around
t he I ongitudinal axis 501 of the 5 nanowire 502, at | east
substantially surroundi ng the second conductive |ayer 512 and the
nanowi re 502. The resistive |layer 508, and therefore al so the RRAM
cell 506, may be formed over or on the peripheral surface 513 or

nf
circu erﬁ{g%dé | o8GR CODNANELD: 6r épé)éﬁ fo 2% ttEHleelé glh}\l’gffgﬂ-)éer

508 may be n contact with the sec uctlve
The conduetistive nheayey agdzensyt H9. f or med |n contact with the resistive

Fosi el dofay s REklaE O A e PRty Sy LR SR PbRe KR Mg

a parti alceposdd, omapf bd MBrmaEN W 4reanp@ AMchd fie 3QGAAdIng0RAMCEIV eofl dieer
512. This al so neans_that_ the conductive |ayer 510 at | east

subst dnt iPaPPYira % Llsas subdansially sarousdingitbhSesend srnduglivsviayes 549 2and tige
resisti V%a|1@\¥§é 559%@%1%% 1%?&056%“ Ghd Mﬁléf@ﬂé%‘isoﬁ%@ %b&uad‘déaﬁﬁigdoem

formed at [ east substan y coplanar relative to each other
illustr atfenlna'dnowét & o fie fedipb@il shinface b bF e, citchm @B of ehd se506d ntm;ducuve

fﬁ;eﬂgn'o %g%yﬂ{e[ﬂ%énstt g ater §g§her atE @g&% @gcro%g% HE&%%’%% ucuv%

adj acent lﬁjﬂzrtﬂe Mheoydndactd@21agad 500 hiie bRABMhaEid coMbet ithr b ndsinge
the 20 nanowire 502 and extends |aterally fromthe peripheral surface
503 o cilt¥tAP®rence of the nanowire 502. Therefore, the RRAM cel

506y o1 ¢ IR IOV ool o6 BROBHCEADANG i \EriliA iy eD 185, RS roRAldar

the RRAM cel I 506 and the second conductive |ayer 5
| at er al | yledst @nb%dm@alﬂ)}ensumlmdmg smaﬁaid:emﬂmm azfrthmrmgwﬁerS@ﬁc%ldoﬂlem@ond
nanow re 50

con lictlvl;: IaygroiltZ ﬁ'ﬁrj‘]ubszatl al It at I&e;c%gcrlll.gcl 1&(“3] & aciﬂ) atqealgt SL}bstantl Aly

| ongi tudinal axrs

sur r oundisngotidiis Merﬁml pdﬂacnowf rme maRowikd) $62] TH eestittiae kla;aalf riﬂng&r&ﬂte

of the nano the resistive | yer 508, the conductjve | aye
510 aiid t%@w@&% efc%WdH@f bgarang Pr pped ﬁg?ﬂsgﬂ@waﬁﬁla Ié(mpf&rl%r rgléfl Iye to

rectlfyldip&ﬁgeﬁgﬂﬁgnn&p@qqu5gehaV|ng as a diode. In various
embodi nents, thé resistive
[0163] Therefore, the RRAM cell 506 may extend laterally from the peripheral
surface 503 or circumference of the nanowire 502. The second conductive layer 512 may
be formed adjacent to the nanowire 502 and/or the RRAM cell 506, surrounding the
20 nanowire 502 and extends laterally from the peripheral surface 503 or circumference of
the nanowire 502. Therefore, the RRAM cell 506 may be formed over the second
conductive layer 512, where both the RRAM cell 506 and the second conductive
layer 512 extend laterally from the peripheral surface 503 or circumference of the
nanowire 502, at least substantially perpendicular to the longitudinal axis 501. In other
25  words, a 1R stack may be formed surrounding the vertical nanowire 502.
[0164] The stack arrangement of the nanowire 502, the resistive layer 508, the
conductive layer 510 and the second conductive layer 512, may show or exhibit seli-
rectifying properties, thereby behaving as a diode. In various embodiments, the resistive
layer 508 and the conductive layer 510 may form or define an intrinsic diode. In further

30 embodiments, the resistive layer 508 and the second conductive layer 512 may form or
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| ayer 508 and the conductive |ayer 510 may form or define an
intrinsic diode. In further 30 enbodi ments, the resistive |ayer 508
and the second conductive layer 512 may formor define an intrinsic
di ode. In yet further enbodinents, the resistive |ayer 508 and the
nanowi re 502 or the nanowire core may formor define an intrinsic

di ode. [0165] FIG 5B shows a schematic cross sectional view of a

resi st Vo REU L ANASIE N, 3P AiRESRRAIARNLO MO, BILOSTEN fre

The resistive menory 5 arrandgenent 520 1 ncludes a nanow
per i pher alanbwire f05@2ha nghosvifeRAM &t fon(nroeﬁbﬁrtd ane'ntn'maimdjodcel ) 506. The

| phe %
renory. PR OBOp P Geior et st Soingl b oo par b a3y

ey act asradgdmdit acRo, fReodikgbe vasos b@hmmeﬁtgctT&dereﬁaE)e fraEméie
RRAM cel | 506 [0166] The peripheral |ayer 522 may be forned or

ar r anded aeBgieent &0 |1@ﬁk'gqe§ A PFRWIre0S By jas pesipherst lftyﬁé Sharigdi & BR39d celit
| east Sug%éﬂ%%ﬁa'el?% 96'6! &R GesidhSe H{B\% 51‘?&}{1?91%ent-@29 Hel%ﬂﬁl'iﬂ'to the
may be for rre p or

| ayer 52 over or on t per i sur a
ci r cunf errengiveghendrg ananngime3(BD(2FlG3"hb°x pmi BPhdihalpetipheeal 1@2252ﬁ31y1abect

formed t hroughout the | an th, o pher al

| ayer 522 Rdgnae o FRdie A ebftort FeRRR L Fr R AN BBl o067
The nanovmlﬁﬁ]ﬁﬂé perph&el yeo PR neiy e daprd drpilﬁngyd)ﬁbouﬂﬂllthee ldnf@@udinal
peri pheral | ayer ?22 may be n-doped or p-doped (N P-type). In_other
wor dst0 tr?élsréﬁi it %HS‘EPZ“%@O%@ }?a%?o*ﬁéﬁal%%‘ilb’é“‘t”fﬂ‘éldﬂt& thﬁwép%wr? a¥%erThsoo
may be n ﬁﬁpﬁé}alorl gfepesﬁa%w b€ BHBed BN ePSr OIQQHdeéPﬁhéﬁl tshﬁface 503 or

peri pher ayer may bé p-doped. Therefore aving the
nanow r e dh@amémence foé theemanpiive 402 IHWHEE@MH@S@@@{ZW@ 'yi f@upeﬂthmltghout

d0pi ng at gg};enét% (&) C}flé S&n%r\%rtlrequOZlo @eosér{pﬁerappﬁe nano V\%/ b(—t: ¥ d m cdp zﬁc? with

region an oped tegion forie
peri pher ahehameﬁreSBZ may formor define a diode (I D) Ther efore, the

nanow re y serve one conponent of the diode. 68] The RRAM
cel | FlR)[%%érIlﬁ’&y“aB%WFBSﬁ%dm& be, prdgngkbar Brgn (PfHéYPﬂn‘@hlfeu F ParPhstsls

501, at ligastss %ﬁ%tlﬁ%ﬂéﬁeh%r%ﬂob@&m&%é)hﬁ &Eér'v%i’é& Fhe ﬁa@a)é@«'ire%@in?a@rd

the nanowite 502. "25 The i ncl ude a resistive |ayer
508 ar r arigaddened srdle threparipheypk lagr $3R may be n-doped or the nanowire 502 may be n-

doped while the peripheral layer 522 may be p-doped. Therefore, by having the
nanowire 502 and the peripheral layer 522 respectively doped with doping atoms
20  different or opposite conductivity types, n-doped region and p-doped region formed
within the nanowire 502 and the peripheral layer 522 may form or define a diode (1D).
Therefore, the nanowire 502 may serve as one component of the diode.
[0168] The RRAM cell (1R) 506 may be formed or arranged around the longitudinal
axis 501, at least substantially surrounding the peripheral layer 522 and the nanowire 502.
25  The RRAM cell 506 may include a resistive layer 508 arranged around the longitudinal
axis 501 and at least substantially surrounding the nanowire 502, and a conductive
layer 510 arranged at least substantially surrounding the resistive layer 508, The resistive
RRAM cell 506 may further optionally include a second conductive layer 512 formed or
arranged around the longitudinal axis 501, at least substantially surrounding the
30 nanowire 502. The second conductive layer 512 is arranged in between the nanowire 502

and the resistive layer 508. The second conductive layer 512 may be formed over or on
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axis 501 and at |east substantially surrounding the nanowire 502, and
a conductive layer 510 arranged at |east substantially surrounding
the resistive layer 508. The resistive RRAM cell 506 may further
optionally include a second conductive |ayer 512 fornmed or arranged
around the longitudinal axis 501, at |east substantially surrounding
t he 30 nanowi re 502. The second conductive |ayer 512 is arranged in

bet ween ttﬂ@Ip @Q%Y’ﬂg g_s%ré&z 580 %{ tcﬂ@uﬁnfé?én%& 'O\théz 2)141%1'&229 Eiaye]:hﬁZS gﬁ‘xg r’sgco d

conducti may be forned over or o peri pher surftace
523 or cicoodurfize dayee J2 mhe bpefoupbrbmalcontag»tewitﬁzm thph%zch@mr 522. The

[ ayer 5235 i 158 P08 FY Heayareprsohiy B i st o 0o St oL T

second caRdagtivy BivkRyI®malte folhed manatdet wivlethe assestive ken®g. be for nmed
in contact with the resistive layer 508, 5 [0169] As illustrated in

FIG 5B, [PHntiyetatsren Bl SBs 1 ernfusiiyedaysrineanay bhroniine votimidsr y
or hei ghty,oQhddr{er ﬁéigms&f'tr{@re's@b{% 1a?88508ﬂi*ﬁe fegﬁtn% layé‘r d0RY4eH tﬁ@&)raﬂalJehe

conductive layer 5 be arranged or fornmed at | east substantially
copl anar lagh &i0 wayteo ae‘amgﬁ:d@t fremed Thisast eshseaniivldy tapjamar B08iva tleachether.

second c ductlve | a 512..may be arran or rned at | east

Subor ant | g 1 35 3K el RRRSE fwd STERHY BeRbe Rt fyuped
508, the alQemeJlbithMﬁllkaz}t@lanﬁﬁ.@elaﬁfb theadleotirg. Tandugiiwelayay 608,51
may forma stack structure. [0170] he c nductive %ﬁyerﬁgio may act

as a Qontegefuctive jayes Sifand thesegond gondyeliy 9@(8%51(%@/ BR stk pgitigel |

506. The [§£RRAtheC BAIMEIVY GayeRYET0 HBY a8CE @%tadt, CRML 8Gknpld O a 1o
exanpl e as a bottom el ectrode (BE) for the RRAM céll 506. [0171] The

RRAM cel |el@gede @i fohthecRRAY atlh 606. Hehersesonst ¢ondudtivg dayes 382 mayyadhas a

formed at | east ortion of the
nanow re C‘Sé%aa%% ¢ %rg&%tea??%her a%le?tg(g%&%ggy}q%wy {%egf 5r9§ans that the
conduct i 1713y FRIAMagetl Stoh&arﬁiethaﬂfbre:e)lsdtlﬁtremmvlea%er 568, Znaj‘,ﬂge mtmkdeast
substantlall¥ surroRPd thgwgartlal portio f the .napowi re

[0172P THEASEFdsEntis] &3 pasiird ne9<ft R AT 22 3 ﬁhsmeflﬂ%eral
peri pher alh S UW2hagRisSik Rleakd fHat! Eﬁeeéﬁﬁﬁ&n/éfla&é?es 1DARMHE Esce@ coABetive

peri pheral” | ayer 522 may be

layer 512 may at least substantially surround the partial portion of the nanowire 502.
[0172] Therefore, the RRAM cell 506 may extend laterally from the peripheral
surface 503 or circumference of the nanowire 502. The peripheral layer 522 may be

20  formed adjacent to the nanowire 502 and/or the RRAM cell 506, surrounding the
nanowire 502 and extends laterally from the peripheral surface 503 or circumference of
the nanowire 502. Therefore, the RRAM cell 506 may be formed over the peripheral
layer 522, where both the RRAM cell 506 and the peripheral layer 522 extend laterally
from the peripheral surface 503 or circumference of the nanowire 502, at least

25  substantially perpendicular to the longitudinal axis S01. In other words, a 1D + 1R stack
may be formed surrounding the vertical nanowire 502.
[0173] FIG. 5C shows a schematic cross sectional view of a resistive memory
arrangement 540, according to various embodiments. The resistive memory
arrangement 540 may be as described in the context of the resistive memory

30 arrangement 520, except that the peripheral layer 522 of the resistive memory

arrangement 520 is replaced by a two-layer peripheral structure 541 arranged around the

30



20 formed adj acent to the nanowire 502 and/or the RRAM cel | 506,
surroundi ng the nanowi re 502 and extends laterally fromthe

peri pheral surface 503 or circunference of the nanow re 502.
Therefore, the RRAM cell 506 may be forned over the peripheral |ayer
522, where both the RRAM cell 506 and the peripheral |ayer 522 extend
laterally fromthe peripheral surface 503 or circunference of the

t i.all
Pgﬂg:’“t Lgl %ggﬁt’ug%{al a %SBOIF%&L@ elr?&?l\EI)\D yOZpe% pfeQ&' %ﬁlsl?ﬁtlz[(f} EL“%Bmdlfng the
surrou ndmagoWilneS@Qerﬂ 1hea‘esman&0mm@~y5@12mgc{1ﬂaﬁ’ 3]40Hn&dd’&ﬁ‘zns Itlmmanawue 502

schemati c cro ectj Oﬁﬁaﬁ view of a resistive mg%% arransglerrent 540,
accor di nd"ftyo 8oRd ShHRGITTRIEE . MERErY, FEIgeTGR Tl}F AP SHERTY
540 may heaasentte 40 ReFbLE ﬁnﬁl@?t&ﬁ@k@iﬁﬁv@ﬁwxﬁb@ deﬁ%l)ﬁg 163, BRERE ¥B3O
arrangement 520, except that the peripheral er 522 of the

resi s6i vd0kInY tﬁ@ﬂ@ﬁgﬁ@@h@lawwsmeﬁ ala,sé@s rseperigherablgr 542 formed
h
bert pher . SEhUGLH! Seriddy B FAISHe H00URH hOGesidQ0ThI HoB2beifE Radlth

east substantially surroundi ng the nano
502 in tlmeaundsheslohghndimmm Sai madh gicleasn sulsdtiallynsuameddnding the dahewire 502.

nanowi r e 50 rra of the esistive ne ar.r angenent_.540.
e T e <o edermrsraD S BE Sty 06 siineds bt B TR Pt S5t 08,
menory CQi&uﬁfb@el{cElmheaﬁnamem ﬁelﬁr%Ménﬂﬁa:ealtMperl SAE naehd [Ehededl

structure 541 includes a first peripheral |ayer 542 forned or

ar r anded thrﬁug}@tw\é@rleltaﬁlé ohtgaaneveirs 2. Jhe first eerighera daxee Sp4ipay bsdgmed
being arr, ?lﬁgct%@lqﬂg IR&ilapgi tudi nal axis 501 and at |east

subst antl a surroun I ng the nanowire 502. The first peripheral
[ ayer 54201@’[&1@ foarlapet pm;ahemﬁ stmcttee Sﬁbrfuphmr mklugesr faasre05c03:enpheral

be T or modk 0 SR PUINGT T e PERRICH (bt R RBRr B Gobyertil: federond

peri pher qJenblaatﬂr 16942 sapybeliy huipRd ar&uﬁoﬂieamgmdlﬁhltms Fanoaddr & .
101751 The t wo-| ayer peri pher al structure 541 further includes a
secorld perbyialY sugravingshe figst perineel 1awee Sf3-rkhe sseandrraipheral lay@ro4842

and the rgsj gt 'f&‘?néda%?err 08 tﬁe"'?elﬁﬁd%&'i‘%uff%e' S’J;Be'bﬁlc1rl:1§¥ﬁ§enéé%f BRé Mt

arranged around the l[ongitudinal axis 501 and eas
peripheral layer 542. The second peripheral layer 544 may be formed throughout the

length of the nanowire 502. The second peripheral layer 544 may be formed in contact
with first peripheral layer 542. The first peripheral layer 542 and the second peripheral
20  layer 544 may be arranged or formed at least substantially coplanar relative to each other.
[0176] The first peripheral layer 542 may be p-doped or n-doped (P/N-type) while the
second peripheral layer 544 may be n-doped or p-doped (N/P-type). In other words, the
first peripheral layer 542 may be p-doped while the second peripheral layer 544 may be
n—d0ped or the first peripheral layer 542 may be n-doped while the second peripheral
25 layer 544 may be p-doped. Therefore, by having the first peripheral layer 542 and the
second peripheral layer 544 respectively doped with doping atoms of different or
opposite conductivity types, n-doped region and p-doped region formed within the first
peripheral layer 542 and the second peripheral layer 544 may form or define a
diode (1D). Therefore, the nanowire 502 may serve as a contact (e.g. as a bottom

30 electrode (BE)) electrically connected with the diode.
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15 substantially surrounding the first peripheral |ayer 542. The

. second peripheral |ayer 544 may be formed over or on the peripheral
surface 543 or circunference of the first peripheral |ayer 542. The
second peripheral |ayer 544 may be forned throughout the | ength of
t he nanowi re 502. The second peripheral |ayer 544 may be formed in
contact with first peripheral layer 542. The first peripheral |ayer

542 and thp, d
at 1 oast TUEPTARERRALREh Hocsty B Bimal hu B op e ek PR G e Fo
first percurplbmfeadncb a)fehe Sebﬁndrmynpimrqi ldpgpedtd4oTha RR}@Mdce(lP(llB:)tWemay\,lbel e
t he second r, er al er 544 rra ed or p-doped (N P-type).
-0t her Tigtedan Soma S feap il e Bas oy be b doped whi | e

t he secongh1B¢riheResal tﬂeam{Aﬁ4éelﬁa306bﬁlaP dapedl 18eratipefibin’ $e penpheral
peri pheral |ayer 542 may be n-doped while the second peri pheral

| ayer S544uifgag 398 op iy reng af @e @ﬁ@wmii%\mﬁ@r&t ﬂ?énmherfﬂtla)ﬁéﬁﬂ%)m@ﬁ
| ayer 54 | th
dopi g ar sl feRFhapCRyc BEf hADYeRlonh B Bhigdd «f TRORFIINER 3079005 e
regi on anﬂAnMdmﬁé@w :egnoundlﬁg) theatinowirb 562 airbextendstlatprely Hloer the peapheral

542 and th eripheral,. ]| ayer 54 form or i n |od
Dy TP b RSB o b¥bresoly ol B G RN 398 BES

bot t om 3@ehedtdveste (fB&)p)anplheeﬂtlaye@ 3l Ynd e Re®nE peMblidial IRr 644Ddﬁwre the
[0177] The RRAM cell (1R) 506 may be fornmed over or_on the peripheral

surf dfe cee FeR f BY! L XiePRe
dee RdANcell 5|06=uthf 8 Sé e@hs al fwe SPcuddhpescpphpsripherahlpger Sidextend
RRAM cel Iy éxljal'_% ﬁ%%rh%é r£1]0§u &Oélkﬁﬁff ferthddo HE nBREARTS02, a least
peri phera er 544. ere ore e RRAM ce 506 may ext end
| aterall )sulﬁatammtlheerpetdlmrtelthﬂoegmﬁmeaﬂesobrlnwthecm@: enBet dR stdek
nanow re 50 er{'hgheral | ayer E(ég and the second

peri pher aﬁ‘ay fg?n%iﬂfrr& ARt TP R8P WEEAY t 0 t he nanowire 502

and/ or t he17RAMkioed emb&ifiments miagUdlst p@gvideahidadiitnsRnsl0B-PNauBk§tedkdof

laterally fromthe peripheral surface 503 aor circunference of the
nanowr e cPHe FufRgrEstveHReReEk praRgamenh avites thee? 1 Brapddedvisrorend +
first permzpee'il?écmlr@xbeged%%heeﬁb@;&leleﬁe%@WGQ%A RheHaka lt@xeranéeﬁk tov!@r e
the 10 ARAM cel the first peripheral layer 542 and the second
peri pher ei]helthlgtadlrﬁﬂmoeﬂk @nla) paite satksymay bmimhlgmsoied pharmangeduardensethg03

or circu r t | RV

et penal Gk FRfR, % RALL fiEn a9 n AR BRI Rili¥ations, The, -
st ack maywhdef of mel- mked)RRWMQellsheomﬂrd hatdivim ams\Vier teobthizee, fdihi,?faile or
Vari ous enbodi nents ma ovi de t hree-di nS| o}

stack oy BEaARfrher gRﬁéf\?aﬁfs RN %W‘?%ﬁ@%}?%étgw iy,

ei ther a [3RIEHS! eat ‘éﬁ&ﬂsora echleiaaﬁc @ séah&@awee opes%qlseoe th&@nory

enbodi rrents of FIGS. 3Ato 3D, 4A to 4D and 5A to 5C
t hr ee- di reaBgesral 6QBWIth anmnlti orarlurelity afsiacked tepigtiveveemeny astls 4P6a AGE

around t r X 39

it st AAATRAARRRNS phboqlen Pt el iR 60 By hefged
cel | s ar annthe senitdonerte offIGBe 5Bwa, SChame hadiogr as hinoa-lonitidg eaayiple, a

hi gher nunber. o cells arpun he .nanow re e of fering_3-D
Capati | TPRoYien 8 ricesieree SEN0 de BRI o 56 STbECHeR: eI oPor
a resistiggayRNrphaal RRaesENsr SO0whchhmay Bk deRFibed W Bl dodte®f of the
stacked resistive nenory cells 506a, 506b, according to various

enbodi rrerwﬁvodrrmf@twéﬁlﬁﬁ 8 an A6 Tgspastivehy end ivo BBAM®Eslly e gha dest REANhe
embodi ne i

e ancs 80k Aectid REAREocIERROARL I opteadpl ol Dich it ASAETEC
enbodi meréngi oFtlﬁE‘nan&Bue)BOEGt slmuﬂxbbe pﬁ]ﬁetahtedl ai}aean%B@helrmﬁﬂEbrwﬁRMMay
be as desc[l bed.in the, cont E:ixt o% t he }e odi nrents of FIGS. 5B and 5C
r espelt i &I mayhePrapledrRRted apmd from ggeh giher. ot RRAM cel | 506a and a

second RRAM cel |l 506b arranged spaced apart from each other along the
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[0181] The first RRAM cell 506a includes a resistive |ayer 508a and a
conductive layer 510a, and the second RRAM cell 506b includes a
resistive layer 508b and a conductive | ayer 510b. Each of the
resistive |layers 508a, 508b nay be as described in the context of the
resistive layer 508 of the enbodinents of FIGS. 5B or 5C. Each of the
5 conductive layers 510a, 510b may be as described in the context of

t he cond ' I 5{31‘%10 t e IL.oent s 5 .
shoul d bﬁﬁg%lg}e%lé?%ﬁe at ge\}%??%a ﬁ%ﬁ@ gﬂg\/\%?mﬁeeﬁé’éﬁcgggﬁgg% uc nld\l/létwe
| ayer 51Zayes Sti@s canidbihd secoridnBRAMItee}t 5@fb inhmndenbadsisbrt hyaf S681Gand 2B
or 5C may be forped jn.the.r ective firs cell.  506a and .th
cecond REARRIEURT gl Uos Bl e repet e sh U SO oREHR Pesrigied i he
sect i onalcoieRMoOfhe dedifieShye¥ SORRTRRY eRbs BRSRIRAFIGS05Miok B2 HaMh bi RN
plurality of stacked resistive nenory cells 406a, 406b, according to

vari ods enpdutinennsrs THea, rd8b gnaw be e rdssoribed riaribe eentext 20 theagorgactive
based on IL)%? S?WP%E’EEBdMenFSI Q%IG%S‘%P?%IS&BH sm%gé"gﬁsﬂ}%ﬁatgét te gfhile not

non-limting exanp a nanow re ch may escri I'n the
cont ext chotvhethesbiodd remductite &GS 12454 deScrird il Bie cantdxt vdthREATVodieients,

e.g. afir cell 406a. and .a second.RRAM cel | . 406 rr ed
ool ntHGERRbEE: e bR A iR RN ERAM ST SR s B Ageond,
shoul d berpRpreuisabed t hat any hi gher nunber of RRAM cells may be

provi ded, spaced apart from each other. [0183] The first RRAM cell
406a ncll0Hed FAGy &8 shpye 3 Sghematizg srosh oseatidBhdiew i ol a2 oesistye rmanmery,

and t he | i IS i:

conduce i yoTaRr o Bita EfCer (ESHOCH kel Enb AN 306208,
as descr idoentding t¢ heri@srmbrtdinehtst ke resistive mewotyearengeidit 620 ntag be based
enbodi nents_ of EIGS. 4A 4B Eac f t conductive layers 410a,
PR o e S W el i e
of the eragsiviientswhichirhisbe HAlBAbedBa 1A %RAdf tht embodih@nbef FIGS. 4A
appreci ated any one of the resistive rrermr%(w%rran enments_ 300, 32

0
400, 450,338, ambiyo BaAMyeallsisas. grits RRAMye 082 and sacppd RBAM edl] 446y e
MENDry Cell8sQPRead @F@%‘%og{ Ea?%?ﬂo%? R1cQk gy ﬁ%tﬁ'agtﬁe'}ﬁnéa»@l%lhga.‘?{ sholif be

|
respective nanow re. n val i ous en’go iments, durin
f abri cat iappreofatedlithatrapgihsghiey sumeermf\R Rk Macedle mevths podviderd; ispagsd apart from
enbodi nment shnotgif:ffer ent fabrication nethods may be enployed to obtain

or 30f or nia "actrical contact between the nanowires and the bit

i nes (BUp183pThefitnRRyOvt ettt 4000 aRluiey abesistvareger H08a axdinptenducm
the top of the nangwire as iIIust:)Cr%hed for E e resistive nenory

ar r amJenmefer #6¢. grdrg, seyond BRAM Giefl MOLBEIGRT 81 repifievenkiperatPed 4ad 2
i 1T ustrat@gdqfcive Ier £R%1 BhdVS tH@fE@i%ﬁv@l%%&E‘g@SB?%sz%% 88 adddserivin the
where the resistive nmenory arrangenent 700 and the resistive nenory
ar r angemeontex0l thayesintivh dayer 48% of the cartiodmaninelsFIEN. FAGBRA 4N Eagh 3bthes A
to 4D, SAL c%cm%{%rs‘["‘ﬂ?g)f%oﬁ%?y BEQ¥! flSSRa R fe ' BLRY BF N &PRLERS
for different A St acks.
layer 410 of the embodiments of FIGS. 4A and 4B.
25  [0184] It should be appreciated any one of the resistive memory arrangements 300, 320,
400, 450, 500, 520, 540 may be provided with a plurality of resistive memory cells
spaced apart from each other along the length of the respective nanowire.
[0185] In various embodiments, during fabrication of the resistive memory arrangements
of various embodiments, different fabrication methods may be employed to obtain or
30 form an electrical contact between the nanowires and the bit lines (BL). Different contact

modes may be formed, for example from the top of the nanowire as illustrated for the
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[0186] Each of the resistive nenory arrangenents 700 (FIG 7A), 720
(FIG 7B) includes a nanowire 702 extending froma substrate 704
having a buried oxide |layer 706. Each of the resistive nenory
arrangenments 700, 720 further includes a ARAM cell 708, where a
portion of the RRAM cell 708 at |east substantially surrounds the
nanowi re 702. 10 The RRAM cell 708 has at |east a resistive |ayer and
a conduct j ve: T ~nAl. cheast , a [ | St-ve
ayer may ba R P el 708 of GRS Bbk BP sBloh A8 F Rt
702. | n \ihdstated ferblodrasizrits meaach aabngdhent 820 S iRI6. MBovhgre the resistive
arrangenments 700, 720 m% sh or exhibit self-rectif inr% ho erai es
or behaviBHROTY &rigneemeni 708 ap ZEFOYF CRYRPhYTEsFPe et V’F g oasea on
behavi ourihe dmb&difiéhts UTEFIGES BAtth V3D, MRS ¥DAKA D BEIRIAL ar(D BB MRNis fpbidRar
include a passivation layer (e.g. insulation oxide) 710 at | east

subst dnt itagie yntegrptian agiasy far effarep RékdMistagksn of the nanowire 702, and

anot her qgﬁ% vath U {hgyl%%isttﬁ‘%égﬁnioﬂﬁ U3k %n%xbﬁi@gflﬁlﬁ%ﬁ% TRAFHIG. 75

substantia surroundi n ottome regi on anow'r e

at | east iaclpdastai manowire 70k e ARANAL b a7dBsteuted 7 0dlenvpassburbtlioaitel layee 706.
710. A caqntac e.qg..a contact pad) 7 20 ex | e of
retal - e Ret ARG PR g 0o 2] AETRA NG FS" ROSM RrL7ES
t he cont aghterd 4 foriBM o EreSRRAM tiaf08Yat SALIuBEak I sirburlds MR KaBbivire A02.
cont act %ﬁiﬁm contact pad) 716, for exanple made of neta

| b
forneld o M celh @08 hassat\igast @desigiyelayer and grgnductizn dayey Tihﬁg%%/rghfta
h h wi . | 1 : .
contacy 7 RSBl ER Y nEPUPH R ol ofe SHMAGEN rffdtingiffthe.

For the mesiwsie 762. fe verigusemrtadgesmes tach2d, thateslséas meaopoarangamerts 76@&

ARAM cel I..,708 be arran t. |l east substantially surrounding the
nanow re n ver [ i . 1tes [
oo b LBl nE S ninr 2o s Eoh b FifTERadod
appr eci atspgwingatifrb@ifpRAMOBuBy be forned at |east substantially
along the | ength of the nanowire 702, e_/pushi ng down the RRAM 708 all
the wdy dATdMedesstitietmenay atmeepente09onay t Inpludefepasgiyatiqn; kpger
menory 3Qger ﬁﬂﬁ%ﬁ&ﬂh&ﬁ@)‘)?{fﬁ){t fe%tts'ﬂ%%ﬂtﬂgir WHRodhdRfS Sl B A l'éﬁrg[)f k2

at | east 'substantially 'surroundi ng the bottom end region of

nanow r e naf@van d702h eanRRAMtlesz| pasFEBtionA layeorfeac tinfudatipn axident7d2t atp &djt

714, for e | e made qf tal., my, be. for.med on_or er.the .
passi vat ih Dy FD5Sring TR Buontiit REioh o O PPt 78 % 1 oot
el ectri cahé¢ RRAMPEIEAOS and ihe phaivaton Byer 7T1OgAanakt (e aramawigad) 70L far
the substrate 704. The contact 714 may be el ect rti cally coupled to a
bit 13%e gpnple madeshmstal, may be fogmedipn arqvers ths dop of g narogpirecianphae Hhede
of netal . qBY¥ Pes Bﬁ&'ﬁdd@&ﬁ@eﬁlyoyﬁlj?lehhl% PBRANABIGN Al 8xifdct (48, 2 @Bfkact
extending through a"through viia 718 and electrically coupled to the
RRAM cel Ipa@DBL6, The ezemplacmadel 6f mastalpenast betfoiraed lop eoapirethet prssivationd

li W), 91..T fl ' ' t
oo ey 1 S TR BB 06585l G 42716 U8 BIROANTE TRl e rean
vertical gHt768.alHe canruti 6(fiAYe ehaundsally e olpikdSio Oy drd ¢inn OIVRYY .

Therefore, | y be possible to integratge the menmory unit cells or
resi st vébw RerPStEE PEEPY AR SRERRY fzoaraf dFfse fePtriomiof fhs éﬁ%M
CMOS devi&a30§ $ha be\iBhhdeadh 1A8NAME A RiaFVRRr HRMInG 850 nalobite 0P B8 Stk Rie
for enbedded nendry applications. Hence, in various enbodi nents,

di f f er enttopppthsawhesirerd(2. geshomlsl byawrdcinted thetethe KRAN 1B anayely rnedat
for enbedian PRty o RigneaAERLE b biRBL Gy IR ICEM F

paral | el thttap ek ahiget awith| thestsubdiact | 104FIdGect8;. The t eesistite gmakery
themvertically o he s nanowi,re within one chjp as,illustrat

in FIEs. %s&n&m%@? CEPOAG BRUEhE BESNEHoT P g Yplar's FOSRRGNY
sWi t chi NguRGEREAS RShotldAee8d TBYoP &f T8 BARWIRPTI0RK R BRIM el 208 A
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20 bottom of the nanowire. [0190] FIG 8 shows a schematic cross
sectional view of a parallel integration of a resistive nenory
arrangenment (nmenory part) 800 with a logic CMOS device (logic part)
850, according to various enbodi nents, where the stack(s) or
structure(s) around the respective nanow res 702, 802, for the

resi stive nenory arrangenent 800 and the 25 | ogi c CMOS devi ce 850,
may be at S r u

osi ot i veBBRT e 1ROhA AR Yo s e Y el G Bp oP by
at | east tﬁulpsﬁsmmwmllhger Sily) bt emsndieg Ithmi[gie arﬁ&n@hlwe 7|T&|mﬂyelectr1cally
arrangenent 800 and the | ogjc CNDdeice 80 arran ed or
enbedded PHP! §t3| &1 bosinm §§‘iaé?%?‘él°§ A I}fﬂgw@ﬂﬁcw fhe aibgiratg 704, The
system oramﬁmmm ﬁaf BB edagcafly @6h l'e&%'a%i@%h@'ﬁ%@)tﬁ Qe 04.0€] chitalihe
chip. As a non- imting exanp el ectrical coupling befween the
resi stsi veageids ﬁoaremnglém@nde 860T1Qi@id mdye bE dgimecdCMDrdevAr clhie gBOsIHiPIbe
carried | The i

mermor y. anihachnehs BBt flen dRigten LAY an LG COREET B f6an
resisti ve:enﬁﬁmrlshea:bnaagﬁﬁmm béGecaicaly Goupldy to\MWdeﬂlhe(wngil tion of a

further e.d. cont act r exanpl de of .. netal
whi o rray OBRSTFie ok Rt Biroph @mbadiels, fis Py o7 15 Sappimer or
ext endi NgrIGN AU ARayA bt NopipatiblY i it 3ertidmMdg At et froaid kGA&Wﬁh&dlré dMokhe
bottom end region of the nanowire 702 or the base |ayer 704.

vari olfs éf’ﬁ?@@ll%ﬁﬁn"f@ref??‘?eltrw by pagsiblestegnipeiaior tip gromony UB@GGIW 1’§$1?iweor
exhi bit

confi gur 2?%%%&3%%%5%%&2% ?@é{)’ %?/aingémgﬁ}q%*gu ie C%@S gg‘éllzgogf (eiﬂ%: vglggﬂ
of the comhewitsCRAS d&Bébs)rwhmrmblcmpeﬂoeembeddaﬂ rrmmmpj' apydichiinsed ence hia
nanowi re 7Q2 an bit 1] I.n vari,ous enbqdi nents,. the . .
eor st | verarRb SRR S AP bBag Y Lo A e g ik s,
(1T), forme@XayRk@ngandn® 60 Aribils dmBARIMEHD MiRCOEK MBS dékicks RS embedded
described later with reference to FIGS., 9A and 9C, and whi ch may have
a si Ml armaenycanplisations.s fRIwprample ipeerating dher i spasaller| within goneaplip oS,
0192] ThetuuQftdtn PGSR, $21d HfRROmERN ARy BR 1R sahRAdho FHOSAHAldnE Lhip

simlar structure or con |gU|gat|on and/ o¥%rrat erial system as that " of
the resi ssiilhestratedoinyF16S: 2Agenie?(€. BOEndibE oTh‘élelcbggn rﬂwmdd@wﬁew
i ncludes a. 1 now r e 02 extendl ng froma._.sub tr P t

buried oxXi"d& "ay&PP B T SRS WEOT K o°rf L?PPheFon cl u&‘é Ta
| ogi ¢ Ci rianbwiréOdhdait lhlﬁaiBLQQJBﬁteﬁﬂhplaffom fHart6e bl Mgndvie: mimmcrnethe
802. [0193] The |ogic CMOS device 850 nmay further include a

passi ¥at i HomArdhe [aBOFIE] syl ati on oxi de) 810 at |east substantially

sur roundiggog) Gt %psh%Wg 4 %&ieﬁﬁh@fmésg%egt%nﬁﬁ'@fé‘w of a%alle@'?ﬁ’te?x‘ﬂﬁ&ﬁ‘%? a

passi vation l'ayer (e I nsul ation oxide) 812 at |east substantially

surr oundlrngstchemmeUom@mdmmtg(mnm‘V nakie &98reuh relogB2CMOR devge €logic

circuit 808 S|vat| on_{ ayer 810 A 50 { nta

ooy 514 P0G AASARER ARRI BB S P OMERY bl RSB

of the nah@wSpa:tB@&an&wﬁ@nmﬂ;tsog £efogy thﬁr@ﬁﬂfiﬁ@ierrmaﬁl)m&@meﬁoBO@HﬁHTIHee

made of tal . may be on or over the passlvaillson Zﬁ | ayer
[OVrac &

and &%t e glﬁ&MﬂM&W&fS@ HP%B%WP%?t gatstanHal e lar il BB‘F%’(TS ‘H

the | ogi GheidsGHiE nBQBry é\-rﬁdg'ehﬁﬁtr 30OAHARRE 1 Be BMAS 98NtagE0 Hﬁﬂ)befi@%ast
for exanple made of netal, which may be formed on or over t

passi vat i suhstirgiply s@dilar aawéllemeeﬁdﬂng mdma ghrasgettentlranditbe B QHOS
el ectrical] vibe %gg%?fdoe a?ra}‘lged 8‘ etlﬁb%mleecp 1% pa?agllep thd® Jepérgtglyp A% V\ﬁglg ch818 %e 8 r

t he base (i ayer
a system-on-ship), and may be electrically coupled to each other in the chip. As a non-

30  limiting example, electrical coupling between the resistive memory arrangement 800 and

the logic CMOS device 850 may be carried out at the module (or block) level.
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[0194] The logic circuit 808 may include, for exanple, a transistor
(e.g. MOSFET) having a gate termnal that at |east substantially
surrounds the nanowire 802, thereby providing a gate all around (GAA)
nanowi re transistor. [0195] FIG 9A shows a schematic perspective
view of a vertical integration of a resistive 5 nenory arrangenent
with a logic CMOS device in the formof a transistor 944, according

to vario §]tﬁmlgir%§£ﬁi§ ﬁ%%ﬂ'&’?%?ﬁ 5{%}4{ (ﬂ%aﬁeé Is Hes%ﬁbédeiﬁ'tﬁé béﬁ‘?fgggﬁﬂ{ey

arrange esl s arrangement
r epr esentresisive mmeghay amaigetibnt 700 Gangewitinthe aﬁ&mon oéa furgteo corabA (amy

be a gate all ar oun channe N ET. Th i nt egrated

Cesi st rve St pod P B R P il e ARG Yoo 78 G o he
RRAM cel lpaQdhaatish Edl@rh H QRte@llink Mg oRBN 9 \WrbezhIAS 837 Rhé eRBYicaMAuphat
t he RRAM gell 1943453}lr$ay benarran 13% orcl) %Hc])p of@% he nanow rBe 9126 ug. on

top off aledpe dwfosyuenrdigesion afndemanowitee’B4er theobasex lepl 804th1evan0us

nanowi r ¢ aibd kol Ry Aabedith? sofidy WIRY B BoifMAGELEn A2

may be stacke or over a°s € nanow re
arr anged patpetéastr ‘t&hmm&ne gat IR quafighriagdn slmuang)keéfamcumr[ghbahavmms datys

LR T NS R R AT B

sel f - r ectiahdiving 70D ORRY hYbiOlinefBIV Qﬁlrvanf)@i eﬁ%a@fﬂ{eﬁtsf Qhic Qéﬁ?&@ﬁe&ﬁemory
nmenory applications. [0196 ate Eﬂl term nal 948 of the transistor

944 9 arFaARgsEREIHBPH MRy ﬁléL@qm udep fapyistar (1Taafor exymprle anderg pyT + 1R
surr Ound'apcgutte&ﬁren a8 %l he c%éélbe& h@c&e@}lth H'Efe}/e'ngé ﬂgFfG% 2 9C, and which

configuration. The gate term nal I's connected to a gafe contact
950. A soumaydevé SﬁlMlétl‘mnmatreQSthvm bodeWOﬂmmm@féﬁGS(ﬂA talhtb‘)(ﬁanovm re

946, wh d
e e B B8 EIS G BnRRR R et R B R
nanow r e BAfguanbnl Aed/BRANegial bysth as [l 8f7 the frkdmtiv@ BngherySanangaimeaio.c

per spective view of an array 960 of resistive nenory 25 ar rans%gmant S
wi t h Pogithedeis dPiSceayicepileticlyfey ﬁ@a@mﬁdﬁ%ﬁv@wmﬂr@n Y Aubsrls 804

Menory ar,ae YthHeachdesyvé gt 14h1_ 13%1«5 %M@gme%e%goff&%erl?hcﬁude‘srliel%glc
BL1 961, BL27962, BL3 963, BL4 our word lines,

972, W.3 cb7aif 804 lwtlsubanadtwflbunngmdmmthb nprengyireSi0R. 981 SL2 982 5L3
983, 5L4 . opa k k@it | e he I I S
ous, %808y 18 BuRSEYLGEALNG BATLEn e RS R 3402
cell 940bn§u$atibﬁum\h&@ 810 Bk AeB6 ZnbithidiaDy buandndhgd (R840p Eh& &gioh Cef the
terninal/contac%

20 nanowire 802, and another passivation layer (e.g. insulation oxide) 812 at least
substantially surrounding the bottom end region of the nanowire 802, the logic circuit 808
and the passivation layer 810. A contact (e.g. a contact pad) 814, for example made of
metal, may be formed on or over the top of the nanowire 802. A contact (e.g. a contact
pad) 816, for example made of metal, may be formed on or over the passivation

25 layer 812, and extending through a through via 818 and electrically coupled to the logic
circuit 808. A further contact (e.g. a contact pad) 820, for example made of metal, which
may be formed on or over the passivation layer 812, and extending through a through

via 822 and electrically coupled to the bottom end region of the nanowire 802 or the base

layer 804.
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the respective single unit cell (e.g. 940a, 940b) is coupled to a
source line. The gate termnal/contact of the respective single unit
cell (e.g. 940a, 940b) is coupled to a word line. The drain

termnal /contact of the respective single unit cell (e.g. 940a, 940Db)
and a bit line may overlap together. The nenory array 960 shows a
period or pitch of 2F (F refers to the mninmumfeature size) between
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enbodi MenyWNTFIG! §Bsho¥fs 4 Rhkhti rsi@ctﬂ@, visWof Dvérfical de@ifortidt.a raIStiveA
and 7B may be enpl oyed. 10 [0199 a non-limting exanple, the

i Nt egPat SEEREY| FrangemeEnil alesh JAMPRt dote imdudes &f mateniser 6B,
a RRAM c t t i : i R OV I ,
and a | o%%c%:m%?l clgi Y@gg eél?d{) agltéeglt%’ gg%%%%ﬁﬁ‘%@ﬁgdas a?r%uhl%?%%%erﬁe&%
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el st i varrednd et RV EI5 8 Fay e atte L ST PR oier ¢ Sybfive gt
ar r angenmgnhowil 200tk Eis hghmdet at leaR YulBkantiehg paralld) 36 aplan@kihichItiersedis the
t he nanowi re 902, thereby provi di%réﬁ a gate all around (GAA) nanowire

transist dengmdinalhexje it catireRRYNY cofl §42 may ertaskehgn topp Shenanowire 946.
enbodi Menfpe liml\m\/b@elnla%r %Ql%bﬁ@é‘lf—p@cti?}‘ig%ﬂgﬁgnf\ﬂﬁ bell-RBu ,afPPW(arn’ﬁ)lc for

transistor (e.g. in a vertical stack) i

‘1 he vertical nanowre
for the restieddddveemeny@pplietibhs. 008 and the nanowire transistor is the

sane ver m}f@dl A‘aar{&’%{ f %P&is“&f‘%hé braQisd WA RES LY §idlBI Ry SfrdioPRd
the nanow re transirstor share one conmon ‘conti nucus "verti cal
nanow r e)least hbdaffiallfhesurotedingt ted masesite vedarenrsbyarprarigagent GAA

may further _include a passivatj | ayer (e, g. insulatiopn oxide) 9

at | edst SBBETAM: éf!hﬁga_geuﬁe%lemld? lst%én%%e%%]w&eecog@gt Siiﬂ_né\ REVARA &
908 and tiBenihAY58 i6 kbgid 1099R- end[dF3Re hanbhi8rel SH6e Shafeefsdu®l &hnta¥€954 is
menory arrangenent 900 may further include a first contact (e.g. a

cont act patectRo dheisaureselenmidalcdt dAcdraing(ly . contagioMibais copydded 3o the qther
exanpl e | i rically coupled to the
nanow ren%gg,fﬂ{ﬁélrg&é‘%é%% eéngilqlécfrl (@g %{/&E%upl ed to the top of the
nanow r e [00%7] FIGe9R ishews £ eshematic PAfpandve tiewnf anlasey P6T of leyistiveuptmoryt o

a bit line (BL) and.the seco ontact 922 may be electricall
coupl &d tagaﬁgwe&ﬁtm%ﬁﬁeﬁa@@% fifae a%ffﬁrm\%eerﬁ%g?r&tocﬁfﬁ% é@ozﬁghe
The i nt egh@h&d 1851980 ikSud¥B ol ¥ 156! IR 206h18816 fouf bl Gihed, BE/1UE, BLY s d
contact (e.g. a contact pad) 924 and a fourth contact %e[Lg a contact
pad) 926,BEDbP6% Bdi6td, frmdevosd lines, WL1 971, WL2 972, WL3 973, 974, and four
source lines, SL1 981, SL2 982, SL3 983, SL4 984. As a non-limiting example, the single
unit cell 940a is coupled to BL4 964, WL4 974 and SL4 984, while the single unit
30 cell 940b is coupled to BL2 962, WL4 974 and SL4 984. The source terminal/contact of

the respective single unit cell (e.g. 940a, 940b) is coupled to a source line. The gate
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netal, which may be formed on or over the passivation |layer 912, and
extendi ng through 10 one or nore through vias (e.g. 928) and
electrically coupled to the logic circuit 909. The third contact 924
and the fourth contact 926 may be respectively electrically coupl ed
to a source termnal and a gate term nal of the GAA nanow re

transi stor. [0203] Referring to the top view of the integrated

resistiv | 1 rat . ¢ g t 0
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e et ur e B ot ok b i i Y P SRS s et Fram,
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nanowi re 1004 ori the substrate "1006. A resistive |ayer, followed by a

conduct i Veast sipstantiglynayronind thelnancieipe 802- dde lagic girpws % may instudg or aray
1100 : | ; . . | > ey
Fayer 1% A R CBORy 20T NOUREP R 4 WP MR UL o
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the resistjive layer 1114 and the conductive layer 1116 may.then be
removi¥d, flor TexEplesisHHe  MEMORY TeResmSRt « Hder duiegiicde PHEF 119EHnd

t B? Pong%tahy&nén@m replebbhts ASinZRAUnMESI IR Rrafildniét UIR cheORARY] 18y at
obt al nea.
Jeast substantially surround the nanowire 902, thereby providing a gate all around (GAA)

nanowire transistor or GAA vertical transistor. In this way, in one embodiment, the

RRAM cell 908 may be arranged over the nanowire transistor (e.g. in a vertical stack)},
25  and the vertical nanowire for the resistive memory cell 908 and the nanowire transistor is

the same vertical nanowire structure (i.e. the resistive memory cell and the nanowire

transistor share one common continuous vertical nanowire).

[0200] The integrated resistive memory arrangement 900 may further include a

passivation layer (e.g. insulation oxide) 912 at least substantially surrounding the

30  nanowire 902, the RRAM cell 908 and the logic circuit 909.
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[ 0208] Further processing of the structure 1200 nay be further
carried out, where necessary. Doping processes nay al so be carried
out. In addition, it should be appreciated that other |ayers, for
exanpl e a second conductive |ayer, a peripheral |ayer, etc. may be
deposited and processes (e.g. etched) at any stage of the fabrication
process 1000. 15 Therefore, the fabrication process 1000 begins with
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be made thefiRg Oeﬁi'bélgp &R%rthé Rfné Ea%?ﬂe the &Péréﬂc% R %ﬁ’? ré})fresteﬁ't@ a
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i nvent i orsoigse llinet hlus lefmﬁnmn@uelby 90 He regerendedl valrdiling whuble diel reftramges
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that the drain (D) terminal may not be required, for example similar to the embodiment of

20  FIG. 7B, where the RRAM cells may fully cover the top of nanowires.

[0204] Therefore, vertical GAA nanowire transistors may be integrated with the resistive
memory arrangements of various embodiments vertically on the same nanowires, where
one electrode of a RRAM cell may share the same nanowire (e.g. silicon nanowire) with
the drain region (D) of a MOSFET, for embedded memory applications.

25 [0205] FIG. 10 shows a schematic cross sectional view of a fabrication process 1000 for
forming a resistive memory arrangement, according to various embodiments. A substrate
may be provided. The substrate may be patterned and portions of the substrate may be
removed, for example by etching, to define a nanowire. As a result, a structure 1002 may
be obtained, the structure 1002 having a nanowire 1004 extending monolithically from

30  the substrate 1006.
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CLAIMS 1. Aresistive nenory arrangenment conprising: a nanowi re; and
5a resistive nmenory cell conprising: a resistive |ayer
conprising a resistive changing material, wherein at | east a section
of the resistive layer is arranged covering at |east a portion of a
surface of the nanowire; and a conductive | ayer arranged on at | east
a part of the resistive layer. 10 2. The resistive menory

arr angema[(ji 3 ¢ é&h ngre)%(lg?ké%ﬁinsmﬁ & 5]}(1&%) nEa@noo\é‘ S cﬂﬂ§d cover the

Iongltudln axi e sur ace o Nanovl
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the | ongitudi 3. The sistiv ry arrangenent. as

e moa el o T ar R MERbir v d5e DotaRy f (Hrhartias o ther
wher ei n aianb\ea@uom; &Qﬂfel @Bstfe 1O, HefdsBtity ﬁybla)ﬂﬂ[ovxPeﬂ 18 4 osRe@ rayad
the |l ongitudi nal axis and at |east substantially surrounding the

nanowisr e.may thenThe depesited ¢ arapiity aaptruciyentlfP may dcaphfeigednhasing &
3, whereigp tloﬁ‘%ﬁfq PI I%OE’PJsIs'nQQlagér ltlhﬁ T Y lkﬁ%% 14,S arranged

at | east su stantiral 'y “Surroundi portion of t resistive
| ayer. [B207Therresistsei l\agernblnér@ndaihe a:ngdiruam lgsr dil & mad benpatteaieth Sid

O A T AN P TN ENCT O
for example on the end sides of the resistive layer 1114 and the conductive layer 1116. As
10 aresult, a structure 1200 may be obtained.
[0208] Further processing of the structure 1200 may be further carried out, where
necessary. Doping processes may also be carried out. In addition, it should be appreciated
that other layers, for example a second conductive layer, a peripheral layer, etc. may be
deposited and processes (e.g. etched) at any stage of the fabrication process 1000.
15 Therefore, the fabrication process 1000 begins with formation of a nanowire followed by
deposition of the layers. The layers may be to form a resistive memory cell, or a resistive
memory cell and a diode.
[0209] Various embodiments may provide one or more of the following advantages:
(1) The lateral 1D + 1RRAM stack of various embodiments not only minimizes
20 the interference from neighbouring cells, but also increases the current by
increasing the diode area, without penalty on the 1D + 1IRRAM unit area.
(2) Silicon (Si) based diodes offer the highest performance, but the high
fabrication temperature is still problematic, especially over metal layers (e.g.
NiSi or Cu). The lateral 1D + 1RRAM stack of various embodiments makes it
25 possible to fabricate high performance Si-based diode without any damage to
the pre-existing structures.
(3) The lateral self-rectifying RRAM stack of various embodiments may be
implemented directly without an increase of unit cell size. In contrast,
conventional devices may employ additional transistors to suppress the

30 interference from neighbouring cells, thereby increasing the device area.
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6. The resistive nmenory arrangenent as claimed in claim1l1, wherein
the nanowire is doped. 30 7.The resistive nenory arrangenent as
claimed in claiml1, wherein the nanowire conprises a sem conductor
material. 8.The resistive nenory arrangenent as clainmed in claiml,
wherein the nanowire has a dianeter of between about 10 nm and about
200 nm 5 9.The resistive nmenory arrangenent as clainmed in claim1,

wherein the napowhl e 0R%Rib&H8? BliolRS %ﬂn&? 9%&% hARy 2
PRI

ttm 10. The‘resi'stive nenory arrangenent as c din C
further corrprl snngoﬁtr(slubsﬁreatc&’ IUMI\MIUCIM steﬂj}&atalamovm re extends

nonol i t hi cal | [ ive arrangenment as cI
inclaimi, kS Bt Tk Jﬁéﬁ; oF aridus P BT Brpviied ahie ohighe
peripheral portigfedfal fRasdh &AbSDY, %ﬂ&'aﬁb'a)dd§ﬂé£191% ioN@ntrbIethe @f s of 1D
portion, wherein the core portion is doped opi ng atons of a

first Sconducti viand HRRAEM sppasatelyn t he peri pher aI portion is doped with
conduct  JED AT BESARAGPRR e bl ity XREun B0 QAELE! Pik PAoBRAW
specific embodiments, it should be understood by those skilled in the art that various
changes in form and detail may be made therein without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
10 thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the claims are therefore intended to be embraced.
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25

CLAIMS

1. A resistive memory arrangement comprising:
a nanowire having a longitudinal axis; and
a resistive memory cell comprising:
a resistive layer comprising a resistive changing material, wherein at least
a section of the resistive layer is arranged covering at least a portion of a surface of the
nanowire, and wherein at least a portion of the resistive layer is arranged around the
longitudinal axis and at least substantially surrounding the nanowire; and
a conductive layer arranged on at least a part of the resistive layer, wherein
at least a portion of the conductive layer is arranged at least substantially surrounding the
portion of the resistive layer,
wherein the nanowire and the conductive layer act as separate electrical contacts
to allow a current flow between the nanowire and the conductive layer through the

resistive layer.

2. The resistive memory arrangement as claimed in claim 1, wherein the portion of
the resistive layer is arranged at least substantially surrounding a partial portion of the

nanowire.

3. The resistive memory arrangement as claimed in claim 1, wherein the nanowire

comprises a semiconductor material.

4. The resistive memory arrangement as claimed in claim 1, wherein the nanowire

has a diameter of between about 10 nm and about 200 nm.

5. The resistive memory arrangement as claimed in claim 1, wherein the nanowire

has a length of between about 100 nm and about 2 pm.

42





