A RESI STI VE MEMORY ARRANGEMENT AND A METHOD OF FORM NG THE SAME
Cross-Reference To Related Application 5 [0001] This application
clains the benefit of priority of Singapore patent application No.
201200484-2, filed 20 January 2012, the content of it being hereby
incorporated by reference in its entirety for all purposes.
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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, 106a, and a RRAM 102b sandwiched between the bit line,
BL,+1, 104b and the word line, WL,4, 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 cell) nenory structure 110. For a 1T-1R
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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 +1, 138b, and a fourth
one bit cell arrangement 131d sandwiched between the bit line, BLy+, 136b and the word
line, WL+1, 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 arrangenment 150. The nenory cell arrangenent 150 i ncl udes
a stack arrangenent of a p-doped |ayer (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 nmenory cell 5 arrangenent
150 further includes a top electrode (TB) 154, a resistive |ayer 155

and a bot CtikO BE) - Whi ctive f ORI cekl
157, “wii JAVBLIGEET el ) sl ok afiflph B U E K PR Y ol
Consi der iangngdneent &50. Thatmeorory eclh mmdnggxyletﬂtohsouﬁtéudes ad'tabk enagement of a p-
transi sto acked 1T- AR structyres far hde Sit

appl i cat |‘{9H§£gﬁ' ottyp?/)elré zga&l F%P%J@Yﬁ?%f e 15}0“’ chifo %cllrlﬁfg]rya@ﬂ?é
processesgioddhi 3N WKL maly B8 Eduivalbnt t6 hd 8ol tIRB F- TGOS MR8 dherhSylell

nul ti-stacks, and | arge unit cell sizes, which is determ ned b%/‘| t he
t r ansiSst dirrangaueend |l S& ather drcbudes tietop etacireds (IEokY. parssigiveimtcedfaead Bas

tt t I

2 ¢ 20t echoRohlelogh PR1 155, 4En BUARA0ADSH Y aJRARPOS] 907 iiPhey ke
and bit leaqnislentrteahd RRAY &3re FiIGat€Cangenent size of 4F2 (F refers to
the 15 mipj f egt f. i nt j || ust d i.n FIGS.
v 10, "HADBHTRSREHE R 55l Q21 RhasTh 87 A LRSS St Bel kst
have a 4R REAWRiMBLresVIBL hihNdenSityt Eﬁ)li@h‘tﬁﬁiﬁral@hoﬁ{/e’%ﬂﬁﬁﬁaﬂlaﬁﬁé $o thelr

Nevert hel ess, the requirenents for the diode selector, includin

forwakod dugh dmpcarsyrsi Rrgcesisgihisly mrke dudiffigult foafare, threspimensienal %ﬁ@)
t enper at %ﬁt&%@k@'aﬂ@la%%l@&m% Rl ¥ deﬂ%%lﬁe@ ﬁleftllf%H%%mt 0 be very
t to Sl

di fficul taneous In the |ca
ar chi t ect[00H)] Tﬂé@refca'x,athpwa-;lcalm%bed@cmteamke favatteaciedl 4) lot of insresCiiDBigh

| ncr oasbderad RngTel L0 hiESEe Rk RGBT SR ehed

addi ti on,betd@nahid wort andbioUgs, tdatizies Qc&ll%)éngd?ﬁenb&zb iof 4Bh QU gHfers @ the
trigger the RRAMsvmtchlfgvmth si.ze scal [0011] In addition, as

|| OO atmaitpn M e 19e) NP HARS (AR (ea. 1 F1BSbI¢ dhgi 0 Brstsngr e
(I'D (e, gvertilc%l??ﬁ) ) ogt@a@%&q&nx&ﬁseuﬁ haXvela M 2R HEBRnYVwHeR Bis th3&hband

BL (e.g. 136a) In the conventional ID 1R cross-bar architecture.

Mor eover ,oftstasket layens aNevkirtnelsss, cblmrenmrem@ttm fartthe RiRAMselnctor, hrecluﬁm@l dighr e
exactly the sane, which st hat SI-Z ofthed| de has |l e
t oget her f&ﬂ’%g g St PR eﬂm'e AR T proceine Sipenite ‘md 4 high

t he RRAM@MOS dosmphtilsitisab@c been Gead eabettry tifcdi oeafet 'E;i’mﬁllﬁhﬂﬁh@lyﬁﬁﬂﬂs
to 30 correspondl ﬁgl y i.ncr ea;ﬁeP or decr

se.b unt .
Sty (65 L UG prrBom e disfe, Herks UPOETRU TPt CMOS
an- angemegikndly. Mﬂ&hﬂﬁ@ thd &?rrén%aeigﬁy/& IFBTHoYds26 LRRUSERE fdFRe diBEd tede
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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. 132c) 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 celi. 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 materi al,
wherein at | east a section of the resistive |layer 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 nenory arrangenent is
provi ded. The resistive nmenory arrangenent may include a plurality of
nanowi res, and a plurality of 10 resistive menory cells, wherein
each resistive nmenory cell of the prurarrty of resistive nmenory cells
includes a resistive layer including a resistive changing material,
wherein st a.section of .the resistive |ayer 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 nethod of formng a resistive nenory 10
arrangenment, according to various enbodi ments. [0024] FIG 3A shows a
schematic perspective view of a resistive nmenory arrangenent,

accordin i enbodi ments.. [ 0025]. Fl 3B.s a_schemati c
Cross segp #%kllnﬁ{}vfeé\%l or atsr?gerPfghsﬁ 0sftai elelerfarl]éznelc)lr%% %F ?%g@"nenlpelg?rytsﬁgcmre'
enbodi mernoo® FGG D SoviokRAcahtingp tviver of the 1D« 1R merhblyQQA6threFdfGIG3 .
shows a schematic perspective view of a resistjve nory arrangenent,
accor di nd0 P FaFi d&s shamsodi sseemaic posp Pectionel Visy QEE&V\éDaleéWi‘i?
Cross secChiAnalenyi ew of the resistive nenory arrangenent of the
enbodi nent of FIG 3C taken along the line B-B'. [0028] FIG 4A
shows 5a d00RIYEIGC2Aohows evschématior kleotls diagmmrefra resisitve angyeers rrangement,

20accordi ng Lo Yg{lgr%lilé %Eﬁcﬂ%ie%nts' [0029] FIG 4B shows a schenatic
cross sedtionar vidw of e resistive nenory arrangenent of the

enbodi menvo2] FGG2B4Aotvalkesthahaigbloble didgien Gf @ resipD@3DEmbhyCarrdhigembows
a schematic perspectiye view of a %Si stive nmenory arrangenent,
accor di ng"ess »QGEOTEIRS LYY HHNE EMPOBIEB81] FI G 4D shows a schematic
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enbodi nent of FIG 4C taken along the Irne DD . [0032] FIGS. 5A t0

5C shidw seipgamdng acearding sevariogn ambodimeatsof respective resistive

menory ar ng g, ' . L:QUS- i S 0 :
5 2t oEVEPAITECHR shARE 8 betchdd Benk ek O R AT ey ik erkn>
resi sti vec3fidimgn®vaticas embgdimentss Wi th nulti stacked resistive nenory

cells, aC[S&S? IFT& t3% \é. évivso La|1s s&g%%gci: r@gstsséectional view of the resistive memory
arrangement of the embodiment of FIG. 3 A 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 embodimenits.
[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 nenory arrangenents, according to various

enbodi nent 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

resistiv a i i
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resistiveef®iver meafofﬁm et H1ih aa 11965t CCRIBSS dRiteC QccaBer & RerdR
vari ous enbodi ments. [0039] FIG 10 shows a schematic cross sectional
VI ew &f &nbeBiRedE i on process for formng a resistive menory
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Features that are described in the context of an enbodi nent may

corr egpondi ngly
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 simlar features in the other
enmbodi nrents. Features that are described in the context of an
enbodi nent may correspondingly be applicable to the other
enbodi ments, even if not explicitly described in these other
enmbodi nents. Furthernore, additions and/or conbi nati ons and/ or
alternatives as described for a feature in the context of an
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conblnatlons of one or npre, of the associated |isted itens. [0048].

Vari ols dR%EiTade confext gf warioys swhpdisiatic s rterre rabYt dewpeliad tgfcpumeric
met hods qfa1ueaeﬁédrﬁl§atsgéa9hééa@&\%\yaﬁ§§r&daoﬁbma%ﬁée ty. 20[0049] Various

enbodi ments provide resistive random access nmenory (RRAM cells
and/ or arlpedodeirevsed bersin, [the kerneTraiioy” mohde bt amealﬂr@nmbyia(iwmf one or
appl|cat|onso?ﬂma&mcw%%ﬁmedlwabrlcat|ng the RRAM cel | s and/ or
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[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. Correspondingly, 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 IR
(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 nmenory 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 + IR 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
various enbodi nents nay be fully CMOS conpati ble. The RRAM cells and
the resistive nmenory arrangenents of various enbodi nents may be
fabricated based on the 32m technol ogy node and beyond. 30 [0057]
The resistive menory arrangenents of various enbodi nents may be
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menory unit ce I'eas Stan A5 SUrToun
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t op- down 25[0061] In various enbodi nents, the materials for

t he n@novbﬁ?éﬁ e‘?ﬁé‘&?“? ﬁega@eeﬁﬁﬁtmwmn%mat%n?fd iyt Gellogy %@P?em@é?‘ﬁ’ﬁﬁg @m
(Ge) or ldyb-tMnsRi RRINCEALS wWithC loH diBo®NEn OxtADERJE SdIRtdr! | mENVERERNRL S
(e.g. alum num (Al), gal Iium (Ga) or indium (In)) and one or nore

group V endedimants, eong, orninpreogemofNpnit pelemay gtARhstoyubstantiabhy ngpriosid a,
ol ectrodgFoal B Eimai g MPARoHg be RS 0P Shphad ek 1B Boun,
di ode selmadess., or (3) one contact electri caI |y connected with an
addi tzlsona}OOgjli](ige\;aﬁous 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 bottomelectrode (BE) of the RRAMcell, a thin resistive |ayer
havi ng transition netal oxide(s), including but not limted to

haf ni um oxi de (Hf 02), titanium oxide (Ti02), alum nium oxide (Al 203),
t ant al um oxi de (Ta205), nickel oxide (N O, tungsten oxide (WO, with
5 or without dopants, may be deposited around the nanowire to serve
R 1 e o
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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 (Si) 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, may be controlled
separately and flexibly by tuning or changi ng the nanow re di nension
(e.g. length), and/or the contact area of the top electrode (e.g.
conductive |l ayer) and/or the diode around the nanowire. 10 [0068] In
vari ous enbodi nents, any one or each RRAM cell may have two sw tching

nodes, V\ma fr . hlBsQ HenHl i?ﬂ{iﬁlﬁ'es?sttivpil J‘gsrdesqul?eggzlbo@ c1\’011 Wenétal
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bet ween tei@irf@d\@W. EendiBidveaager} ARl/draBd &ibde/ SolRIME YarkRlite. 203, whi ch may

i nclude el ectrical coupling and/ or mechani cal couPI ing. [0070] In.

vari ods di¢Rlilmaatiaus embodiBeistiany g pagh BEAM el gpast havertag; stitching

menory C%édeg,%icl?é[eﬂﬂgl%ﬂoﬁ'artopﬁip%i%?.t ext of various enbodinents, the
ry cell™ i

term"resistive nmeno may i ncl ude a nmenory cell of any kind
whi ch nmay[0e69] $kit chéd sbewsween sthamatic rhbock shizgras efhiabiresistgredi thémomynt

resisti viea}% val %ﬁ 0 [ 0a0721_g.n| n the cont ext 8f. va{gi ot@ enbsqscahivrrent S otk he
resistiv ﬂ%er%ﬁ g t%r 9 al gma\? c%éﬁ}j% i ’t‘ng ?%’sefl tance 4% Fesrﬂ?ﬂfl i
a change anfngdnsent 260 ficlided ¥ nas®PiROZ@, ahd atlBdistb@nhexéryadel VB itlGding a
enbodi ments, the term "coyvering” may. inc¢clude enbodi nents where the
sectiidn arsitthe lpssiZ0¢ iincnding & rositire Th3nae BpleHpgACHIT (P aghetin of
the resistive layer 204 is amranged 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 nmay be arranged with intervening

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

enbodi nents, the nanowire 202 may have a |ongitudinal axis, and 5
wherein the surface of the nanowire 202 may be arranged at | east
substanti [t udi
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202. I'n various e g or I'ng
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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. Her . . f
condues | yO T3 SARAChIbEAAKCEy KR or BrolifiREhe IepF o BOh R el
porti on déyer B84 pemigsd mmnﬂ dlyedongi@Miiral axisndnd fideasasubsiangal B0Armoaydiag do
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e Var Dot airane ¥ B dpEhoR ShltnE §aaeatl gard G0
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nanow re « % ngp%ﬁﬁggy%g(} ErBifdefufe.! ength of the nanowire 202. [0082]
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| ayer 206[00%89 Hndleaxonmgeﬂvaamm. eabediselts,t thetaal ‘syreaog? angmeael ‘atdincd”t o
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behavi ouryThi Bofffkry G HRishlal (t ARistifSIasbins. memory S0 arrangenent 200
may behave as a d|o t hereby providihg an intrinsic diode. In

various df®fddilmeyatieus fernls:dnmgltstat veast ayertioCaf thedondvetivohgec 206/ maly dger

206 may d?éh&%

£ leasl!.ﬂl surbstantla(fly 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 surrounding 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 enbodinents, the resistive |ayer 204 and the
nanowi re 202 nmay define an intrinsic diode. This may 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 nents, the nanowire 202 may serve as a 5 conducting
channel . [0085] In the context of various enbodi nents, the resistive
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25i nclude a multilayer arrangenent. [0090] In the context of various
embodiSmedP871 (IR othe c&ondext of ¥RrGHST FDIAIMERtE.athenagnawita 388 may riggluds i2on
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(Ta205), Ihr¥kssmienuiddetor. I\"IFI@) I\ rsgrgtcendttmrdma! V\mc&')ldeopmarw mtmbgrnap i18n

rosi oti v e ubFpCRrh bR (RSB ATRRY AR R sl e v
exanpl e idahdial @g:. bimtogao(N)L agedie Ad) or gﬁhﬁmyl @) Ce),

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 (TiO;), aluminium oxide (Al,O3), tantalum oxide (Ta;Os), nickel
oxide (NiOy), tungsten oxide (WO,) 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), bisnmuth
(Bi) or any conbination thereof. [0092] In the context of various
enbodi ments, the conductive |ayer 206 nmay include a netal, for
exanpl e including but not limted to platinum (Pt), tungsten (W,
nickel (Ni), 5alumnum (Al), a nitride alloy or any conbination
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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 may 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 nmu 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 Na : t 4. 10Q i
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202 may include a core portion an
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 may be doped with doping atons of a
first conductivity type, wherein the 30 peripheral portion nay be
doped with doping atons of a second conductivity type, and wherein
the second conductivity type is different fromthe first conductivity
type. [0101] In the context of various enbodinents, the core portion
may have [ : I 5
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atons are gérgl? dener, aé/acrcgftelrgtgrgl to as donor atons. [0105] In the
context S Vart 6ug en% Ps?Were the host materi al may be for 20
gxagpl edq0104¢qm|¢ tovind gxhdm&ﬁa nﬁ“yquaanl z\/hgﬂteimﬂia,l thdbés hq&ﬂlmiﬁi goping ?m

e doped or inp ante with Goup Ill doping atons aor el ement or
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materi al elééfnc@m?%&ld%twé‘ﬁlld %SWHEHQYI@ WHIP ar eﬁj&ﬁ)é Rt @FroBlle electrons

el enents, for exanple phosphorus arsenic (As) or antinony (Sb),
to form a(negatlu@p@uarg@d earfiens). Spelf dqmag alOmStan@ab@lg@@rallbbrrefWHQlas donor
enbodi ne dop| ng may be carried out with a dopant concentration of

bet ween a oust 1 x 1017/ cm 3 to about 5 x 1020/cm 3. [0107] In various
enbodi nerjoH5] thehe @vrtepoof vadousayminelipens peberante thost mre'nphemalbe for

Do e Do O h ot VPN o RSP T4 E or
‘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 10'7/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.

17



30[0108] In various enbodinents, the core portion and the peripheral
portion of the nanowire 202 nmay 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 nanow re
202 and the resistive layer 204, wherein at |east a portion of the
second conductive | ayer may be arranged around the |ongitudinal axis
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conducti ve may have a 20 thickness of between about 5 tun and
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[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 (N1},
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 ments, the resistive nenory arrangenent 200
may farther include a peripheral |ayer in between the nanow re 202
and the resistive |layer 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 nanowi re 202, wherein the
nanow re 202 nmay be doped with doping atons of a first conductivity
type, r @g% 1o\ f
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type and .t he,second conductivity type nmay be as descri bed above.
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peri pher ait lda&y@om&y obfhedemd patipliersldpyen @@tmmaﬁﬁe@arsﬁmné longitudinal
i Vi and wherein the seco conduct i typ

duct { d t
3?? f g?r%elnt/ales)r/ eltﬁy @hdeast pstanpially, SErenaing; giﬁepmt% Of ft\% tﬂetoﬂmpéﬂat/ igxpr;
type and {{igeis agoma: ﬁ&ﬁﬁb&ﬁi 1ayélirxa)x W@@oﬁgammedo%ﬁlgmﬁssm ﬁﬁgcﬁﬁgé’tﬁfﬁy

[0120] In vanous enbodi nents; first E;rlp eral |ayer may

p- doped e, ﬂﬁ@l@@&@rﬁ@cqx@rpqﬂhwal layeryeay bagonsd witldgring afoms oé af9ﬁ¢<351td

per i Pher al okl T, B SRR Ao EordBERRY S5 |PRREAM hB%ohe ThY

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.

19



[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 Il1-V sem conductor and an
all oy thereof The alloy may include but not [imted nickel suicide

(NSI), ti i silici T ¢ C CoSi)
i cieel - pi1OH PRI onleRl 8 AP bibodiBRy 1 ool oredlrafe AP ipheralter or
ni ckel geithanesindi perijthefalNi 16251 nay [ DdR3¢ d mdtdrenl ciocinéixg oft watr liousd to
enbodi nent.s, t first. periph | ayer , may have t hi ck s af

ot veen: U59R (B S aRtBEGEE A1Bah s R e bl Db o 0K Hising
about 8 nfiede bk WaSH 1aRIRKL okeM afkldab@usi)1itimAOlAkar] (Tisi) heobalt
context of various enbodi ments, the second peripheral |ayer may have

a t hi éknedwidsf(CoSDnaichelahyimunssitipida (N iRBounichd gerparide (Miensnd nickel-
bet ween 1 out 8 rimor between about 8 nm and about 10
nm [012%%84%u$1@ﬂ%g§ﬁ%%®'0f vari ous enbodi nents, the resistive
menory ar[fi3jdnahd caextnafy various harbollimednts] eha fivst greepkdrar lapavimay have a
first source/drajh term.nal, a second source/drai 15 termnal and .a
bt o t o hiEErest B Borwpi sitat » pRL D KM S ol B CSeapopes nit ind
el ect ri cabhit £@HRE Bowksh iHda1 § 8% snblia¥sutTBRBLY cell 203. In various
enbodi ments, the nanowire 202 may be electrically coupled to a bit

line Hs v@1341ds thy eantesd of ivagousserabadmnendn tthe secopé pf:rlin@?él dJoisr ewydieye i
term nal -mﬂ;'la‘?efg%%@et&@érﬁaﬂa 5, ARYarlSb6QUR & fbP einth Betbrb&Pabobid Al antl?

the context of various enbodi nents, the resistive nenory arrangenen
200 20 nespohif trher betwetnua®uad hmgind aboutdOinim.el ectrical Iy coupled to

t he nanow 02 and/or the resisiiye menpry cell 203. The | oqi

i rourt AR Bt arars e b Rt T S e PRy ST PR A
ar r angemandy R08er ia¢10404 triffsavdrdading @ iadtab@rcé/daM khifinbles sé&bhd Sour@rdran
arrangenment 200. The logic circuiit may include a transistor havin?

firstiBsouretnaraadm gabt iermiel vhessde dirdisbipess/dmigitmiedl mayape efdries ly”
gate 1 er Mol e Qsfsfibe hbnfoRPeALRBEKE vlou BhbQHmeRTRAAIRRAS 200 My

term"source/drain term na ‘a transistor nay refer to a source
t er mi nal herelectdeadiyncdupledi toad bitAsnet bre wel uascadsa esrmingads amdntadietodthaifinst
fabri.cat ed Sﬁﬁh t hat these

term nal of a,trapsist are gener al |

ter m nal SORPECBIRERRIRE TP R TS mek be SORRECR A P S ray b

c?r{) I S'Ct i iel 6] nefiee b@de)lttmfa@risoy E?lﬁbdﬂ_ﬁﬁhﬂ@, t}e_rxﬁi;iiﬁta}eSmeﬂgmyvafdncguaent 200
enbodi nents, _a_particular source/drain_termn may be a "source"
30t er#fi nanafurder grehidRe fogicriifeait crRepERtly SEURIF fnibespeyge 2D apdor the
appl i ed 1 QgLiRAndiErPIcBR203. 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 ternms "first source/drain termnal” and "second
source/drain termnal"” may be interchangeable. [0128] In the context
of various enbodi nents, the term "coupled" may include electrical
coupling and/ or nmechanical coupling. In the context of various

enbodi nents, the term5 "coupled® may include a direct coupling
and/or an indirect coupling. For exanple, two devices being coupled
to each o . fa ' H G | . D a}
the two div KR, (7 St Bl St Jaloh b ShaTRHB W PRb A RLAREE,
two devi aesy, bedngrchungeablee or nore interveni ng devices. [0129] In the
cont ext variqus enbodinents, the resistive nmenpry arrangenent .2Q0
10 may i(r){h]r%?j}én %epqof}?eéf? YAUGHS FRRQUPRSE ‘ﬁ%ﬁi‘?ﬂy "%‘BHRT% %3‘“?‘3&%%‘8“8& rt
from eachogflhgr arﬁl«mﬁe&aﬁieﬂgﬁohﬁg{g. 0 heNIRQWE 08 vAlas MRKIBhhtE A term
resistive nmenory cell 203 of the plurality of resistive menory cells
203 i ficl yeewled rmay iclude a digpet capling aed/oidatipdarceteoppling ot pragpila gwo
mat eri al , L: I LSti.v e

be. arr angaiey Sty opbRak AeEaick Mockl AR de o e onhite B
sur r oundibtegvdchethe awowdavece? GRd/oankkbra i4 5o andivet icoeplirgypath 2@6veenr the ged
on at least. a gart.of the resjistive er 204. [0130] In other words,

| &
a pl ural i¥y*°6% éﬁE%QHQP?%ﬂﬁﬁﬂﬁﬁﬁgWgﬁﬁﬁ¥ﬁieach stack arrangenent
i ncl udes (81799 3h 9hd ¥éhtb:aYsT vadidds abodmemndie tredfivear&hord OfrankRER 200
defining a resistive nenory cell 203, may be arranged or formed al ong
t he |@ngtmayonclofea phwdity pEesibige mamarysiells 303 snpcest anagdiom pach atharglopg
cells 20 r i fi
ot veen i SRERERGRAE bod, \AHBARE AR tbHord §8R0% O R IRy of
cont ext ao®sisteveinoarsorg Thidd ROk nichides & resksoiue thybe 2@ prebelingt 2 cbsishiad clidnging

are enbodi nents where the resjsti | ayer 204 a rtion thereof

Ty surr SURGATEIAGRGHPE Ao ht e ROtEVs RYcienth Pe P iRed FopRE he

nanow r e 1gfkdmdal tahE EeBiastledt Jubiefhtial4s10fluiidiag VeE Snabwaed2¢X. ghd &op
a

end or top end surface) of the nanow re 202. 25[0132] FIG 2B shows
schendt i Copilustire lveaigOfmranesl ened leasy arartrfhs ipsigiivedavyadiht 220,

accordin r (Mo = JeSHehi e
A L g g it e
pl ural i t yindhdesesieststive layendb4y awkh [con@RHye yer 804 therchy defmiing iwesistive

menory cell 222 he plurality of resi.stive,nenqory,cells.22

et uttes emdd e ool Walhe fibbd o lorhRiohd YE LRI GRng Rinclieg 20o. The
mat eri al ,plaeNdyesfeletisite headly aclkezdly o Phcddnpaitehbmt ¢a¢k diigy ewiti? @4gaps
arranged cgvering at |least a portion of a surface of a respective
nanowir e desineobetyvera tioRdReFRtjesttiva BRBRFY eI 294, 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 |layer 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 menory 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 : i i j tri e
DLl | kol SOREL I NEnBER 2l e AR PR gl 5l
resi sti vefremiucfive dinks 229 eleatnidalish eoupdsi ®t the eliraljtgrof2@dowines 22indut theve
| ayer 206, 0f..each resistive menpr el | 2 be as correspongdjngly
docr i o RHTHE EBRELS roffory et 227< S nelotty Brd SrSRERT 000
FIG 2A. ifestfa@i34]shdwd thddel BidsshesTbadicar teplurh g dlndhédirdsy229f the plurality
conductive |lines 224 may .include a pluralltg of first conductive

Ne y L TSt .
li nes’ widrasisiive mempcesllie2s and theoplyisdity ok condyetiver lingse234, urltth mayof
first co i : | ji: L . d to the respective
nanow rqu%{:ﬁé ée{lﬁcél{ldagﬁﬂlpglﬁ%%crggﬁl%ﬁﬂ%% Xlscgg%}lﬁ{f conductive lines,
wher ei n 0134 giach nnevesctid cadnatsisti vevmeibryecalf 222h eng kher @mbistive lafer 204

second conductive |ines,i lectrically coupl 0 a.respective..
Smanor y A 1pnE v DER20 e (ool e entify BrT o) Bd SR BEesp aingly,
pl ural i t ydegdribkil ibthe COMEUGH kheQedistN@Sndidty BRakbicinehi TSI FRESIA. [ 0135]
FIG 2C shows a flow chart 250 illustrati n% a nethod of formng a

resi st vdOTRAkdR yarpa Aberimentsa feoplaralily ob Confuctivs issbddt Mt igclude a
[0136] Aty1g3Rey 8¢ BRAR b 1R "Bflereil'® QAN BYnfRYSe ine of the

| ongi tudi'nal axis. 20 54, a resi'stive layer 1nc ng a
resi sti velohbiygifdgstnendudtiak lings fsorlentcallptvengid tatherepsttive moowire 32 bf

t he resist hve dI aéler .its ALran edndcot\llerli ng at. I.easte a poerti on OJ .
surface ¢Por e nENERY of sqegndgqndgtiglines, whercg d tepRpgtiyegrepnd eondictive
on at | edile ¢f hampluralitytdfesctanl sdnidueilcalyr®s.is clectrichil 38pléditor arrtPustive
enbodi ments, at 254, t resistive layer may be patterned

i%%o?flr@ﬁ 912

exanple ZBHYLIHFO rRuish e esistign mppiory, ﬁ%u“s?hf'eﬁ%%ﬁxrﬁ@ﬁtfg?t
iajt 256, tcgﬁd&gggﬁﬁgsirﬂgygeqﬁ@ﬁnég?L e patterned, for exanple using
i t hography process. [0141] FlI A shows a schematic perspective
vi ew of d013diREi ¢€ shemsra 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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arrangenment 300, according to various enbodi ments, while FIG 3B
shows a schematic 30 cross sectional view of the resistive nenory
arrangenent 300 taken along the line A-A". The resistive nenory
arrangenent 300 includes a nanowi re 302, a peripheral |ayer 304 and
a RRAM cell (resistive nenory cell) 306. The nanowire 302 nmay act as
a contact, for exanple as a bottomelectrode (BE) for the RRAM cell

306. [ 0148} Cﬁﬁggfxﬂ/?Eélpﬂgﬁlvg}lﬁ%’rﬁ&y%gﬂ) L\oA Ttﬁg 61%96@99?6’1 lsnt%&%u gefodQund

the longitu axi s e‘nanow re ea stantral’ly
sur r oundi fogexangplamradwitios S@2rodd (BE FHopihe RRYdviakllBa§er 304 may be

formed ov, r.,on th i ph | surface 303 or circunference of .the
nanovi r o B T BBk B ShA s o Ry Be ToRHb G St

| engt h of axid B0 1 NEMBNnARWAR2302T AE 18T ubhigially lsaieinddQAheB¥n&@ird 90IeLhel N
contact with the nanowi re 302. The ‘ﬁerl pheral |ayer 304 may behave as

a rects f irsFirhaval dayeprid enayr betforyedhpver fascen thpoperinberal gpdageny0beoror

may for m(%rég{n?e?&cg o POk b{vﬁ%@:w e ﬂE?i}ﬁher&lolagiLr%g beMolilled ﬁl??ughout

nanow r e orma | ode. ererore, an a t1onal” or separa
di ode maythbiEngthofitbedariosriret 108, Thspatiphvrl hyenios mef be 8fhed [0 detBict Wit

RRAM cel I, (1R) 306 be forned, or anged, around t he. | ongi t udi nal
TS 501 1Bt PRl A T BoRheat 9k 204 SRHLRI 8 b yeliier GOnat i idte
peri pher akctlfingrefRO4 afd thdréforo @Ry bk fof 1@2fon1imediaﬁé\m BEebh i3 vn&Ymbe
formed over or aon the peripheral 15 surface 305 or_ circunference_of

t he pWri pRestiar withtbe nspwwirer3, fage diefs Howiomyamadditinnaker separatsshieget
wi th the peri akg fovey ’ggé Il 306 may be fornmed at

| east subs%\)g?lﬂ}gfl?y gﬁrr&ﬁﬁgﬁrﬁggﬁp rtli\%(?‘(ﬁporti on of the nanow re 302
and t he d8143)HéedkRAN) erll 3R, 30thmaRRAMone¢d o13@@angey arownt ube lengitudinal

resistive_l r d a con tive |layer (. ... as t el ectrode (LTE))
o1 Bt A o R A, B R banliF P sy SR it Wbl S ot
extend | ain@rtaé hyndwign3oheThsi RIRANT cdi 80AHa@eNeemel otdieorandeipeiplidal.
The additional _di ode sel ector or extrinsic diode includi ngl t he

per i pher alurtpeg 205 apdrcupdrene ofdhaeaiphsradant 30d TheRRANGFY d0GoRy be
and/ or t hg RRAN Galake RH8 Thesﬂa:'r{pﬁ&'afjja?& 3Ae THARRMUNT @3 886 FNE &X{fotﬁﬂse!ﬁat

| aterally fromthe peripheral "surface 303 or circunferencé of

nanow r e 1862 subFtaatidiyoswrounfiiog RRYEVial 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 may be fornmed 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 nanowi re 302,
at | east substantially perpendicular to the |longitudinal axis 301. In
other words, a 1D + IR stack may be fornmed surrounding the verti cal
nanowi re 302. 30 [0145] The ARAM cell (1R) 306 and the 1D i ncl udi ng

the perinfefales aﬂ:qglﬁt@é F1§%4 ﬁf@{gﬂ%}}ﬁ%@i‘f 58@':11‘1 8"s@lebthy | p% Q%Ewﬁaergteﬂpe{nﬁ

line (W) and snaya owcon
respect i exdily by twfing the diRéisionalr|siZ8@6H tlaambnbmeslmmftrobm{ei the. RRiﬂl&Mcte)l

t el d fl the di i
iy o i S, e o bR eyt O e o Fosge FedRiged for

HD, to r%ﬁéi'mbf@esvdfdh\/r% CAlEd, Edtich d SbifigtratioRdblt k@Eknirer mie\pRvS i Svay to
swi tching. Also, such a confl guration or structure may pave the way

to 5 iSnt cBieatate ifeoloMOFfpyush §a%9rﬁwﬁé§¢1§ttlw«§raﬁﬁw 304G aﬁbewwsibnwue
wth vert v,

enbedded (Fllglgjsvo atwl {eV%}remr%/%%I\?\/ﬁ})?aﬂe i %@%%@%%%%FQ?%H@H % 1"gg“s/}}@vvs
a schenuatdpplipggiospecti ve view of a resistive nenory arrangenent 320,
accordin odi men while FIG 3D sho a schematic 10
ross. sodPIENIE, G, SR e TRLRbH I PRBRUR AP RnGorbncBG (HREN
al ong t herfahg@nddt B20, atb@din@ b ShiiMe disvdinerdd, VIR EITEN B D3A0wE AGkhdagica
nanowi re 322 and a RRAM cel | (resistive menory cell) 326. The

nanowi®r e %5283 spedipnaloyiew of thegstiyermeneyy agRBIRM e@t 840 wkeptlepmite lwetB-Bae
BE) f
L S0 S AT T 5l 58 A o

formed or arranged aroun
nanowi r e (82Rlivaimenmas celfuldst ahe nandwires3dy mandings 4 hentachnonierkan@2 2s a

The RRAM.c on the peripheral surface 323
or circu gt%nne QSEB%PF@%H %SW ]ré.g’gé'he RRAM cel | 326 may be forned
i n cont aqo14¥]tThet RRANBBEIM IR B2mayive A cehirarn3d2® arcaind ke 1@piadingt

| east substantl ILy surroundi ng. a partial .portion, of the nanowre

302. Mhe BRAMLYIHE BoRPYHES 37t lrget substarjallyjspaoynding: thy fgnowig Adtictheve

20l ayer (ferAM &3 2ol 18 BRhELHR: bl b ﬂ‘le%érlftfﬂeh‘fh s@ﬁac‘é%?@"o} Qi%n{f@xfeﬁée of
[0148] Therefore, the RRAM cell 326 laterally fromthe

peri pher dhe sanobats3222BhoRRAM eelhd 2 magbe Ermehen eateshivith Uspmnowire Baast
subst ant I"@'isl mg{(@eﬁrﬂ6%iﬁc pnaéc{] S l‘l:a%{' Q_{ tstlﬂgﬁ:{iﬁ su%ﬁrfdngé% parhg'l &)%B‘(ho%l of

wor ds, be™f or surroun
322. 25 [tB4 ﬁ@dovﬂﬂ‘te?:(m rTn GReRvEN cetif 306h@an mmjﬂererﬁﬁﬁvahgleﬁ zhﬂ d:\’Rﬁd‘dhcte}el

T R LS eSS BRIRL Bip e 20, oy show o

confi gur goi4¥) BRAWARY tBe/HRARC e Y3750 nlﬂﬁlh%)ﬁeﬁ&”late-m@ RBMMthe 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 nenory 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/regi on and

p- doped po?lr itohg %’egtn\?e d '&815%‘; ?o%pﬂ{dﬁléﬁ?ﬁéggg)%l ﬁgt Egtg?fme a

necessary °f stive ry ar range oug
not precl sapiﬁatetdhaib naay 1ad e heansy G tlseexraa:m\teeneinmgfanaﬁgam@x amglahhagh

described in the context of the resistive arr n nt .. 300

be. pr ovi bt 195 BEPEGEIES F “ReeAGER O STREF8 SBe o 1 EHEE RS T e
di ode, maynRki SWLhSRBBHA BeRbE afdaﬁgélﬂ&mo@wy% Prévidedi ng t he

di nensi on or size of the nanow re dlaneter ,,, the RRAM cel

hei ghts, HRISOAdet RBAM sgé (AB) GRO, With, the dniﬂealérﬁlque fﬁﬂ ¢BO¥ Lrepaple, and
| SI NTCH, q&?&fé 68 d10h l{lﬁl\llgrtﬁé B et ﬁlhlu% of b Ba o%é{fehgfameter Dy the
a nmay pave the way to

configuration or struct egra e on€ of”
such r esﬂSRAMewfbmglyt &y and) elne diode 32{htyi A taereathtale dt¥re amony dmamos

devi ces ble for edded non-vol ati] e nenor

R o p Pt R teveRils Syheiing ARG SR AR e Ot Hhblefe TRy a5,
ar rangenapdysid pdguste e 1R QBeYsicE- @51st[&5m&hbﬁyear%@&h¥nt§BQ@R@W&&lcal
320) or 1D + IR %b@%S resistive nmenory arrangenment 300), the RRAM

cel | YCe. gran@gise afiRyiqche vpeh pray abe | dgpisn leofprrrﬁgrlbe@esls ngpvelgtiley

formed ar Igﬂg henf€ 9. 302, 322) with no or a little, if
any, p|aﬁg#988353' C @E?e@ éAs shown in FIGS. 3Ato 3D, there may be

2 stack s[t)lildtlnmesipusjepbuﬂmegtsorf teﬁetlwmuhrmgrrmggpenm igsludifg t ke oBIRAM

cells, i an extra di ode sel r tive

o hmemifie Hogig SR SniesuRte 0P Lol S R e s iEve hepem:
(e.g. resdr@hidteniBOM| YhedRRAMIEEIE M. g. 308, 3H)GRd 1B pattheDlayef-004 hid@ be
resistive _nmenory 2Q arrangenent 320, the RRAM cell 326 with the
nanow’r e celzczﬂba@rawécﬁr?% ¢ SRR (€ gra3f2p 34D ¥ih s ar-a lilei %fyqnargplanar

properti ?@ﬁée%c@ﬂﬁbcﬂ AV shBbAi H?f(?s AWt KR eh&E QY bEDTsiek strddidrad Jdegén@in

shows a ematic top view of a resistive rrermry arrangemen
accor di ngpnt the \savitcbing reofeotidsnefinths RRviM eclls) . wibh ghewsa disle releator ¢e.g.

Cr 05S SeCLANAlL5Y oBhn Al 930 16K ARHPS) B G ARSR TR Hord ARk 25 r
(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 arrangenent 400 may be simlar to the resistive nenory
arrangenment 320 (FIGS. 3C and 3D), where the corresponding or |ike
features of the resistive nenory arrangenent 400 nmay be as descri bed
in the context of the resistive nenory arrangenent 320. The resistive
menory arrangenment 400 includes a nanowire 402 and a ARAM cel
(resistive menory cell) 406. The nanowi re 402 nmay act as a contact,
for 30 exg l}ﬁfh%SRRARPtcEPPmO%' 8&d rn%i@de( BELsififke fa?@r RANLeRlh 406hd the

[ 0153] The ARAM cel may i nclude a resistive |ayer 4 arranged
around t Hengiwdipial axis il eixihe nagawine @a@ndaatdmst subgantiglyl satroundig the
substanti [ _ANOW S £ 402 con tive e

410 arr an“g‘%!a‘xlég H?%%g{i'% cggdlicglﬁ |pa y salﬁalIl cf eaSt begiPtg%Py Sturmunan {’he
408. The regsivetlayeedtn e rddfive fiyer 408cmef heefoat sleo tHe RFIBRMNeti @b nﬁa@&)e
may be 5 formed over qr on the peripheral . surface gg or )

i 1 curt orlBREE QT Phan SR RERL A Ao (D Gredieupfeence &) die 8™ irag0p e he
formed i neg@Rtagheroghmh) Be TR meochfRt wifiethe QARG 462, Imee&oﬂ&&w“éay
act as a contact, for exanple as a top electrode (TE) for the REA

cel | 406.layes 410 mast acitasch contmitGlor 4Bampleeasc s rio clectredd VB fon xie MAMe

and 1 or mey 06 ad IRBRUDACEN, 95, B HRA e HUEATPRE) b Sen P

t her ef or éoahdmy bihleeighe o deiresdstivayaer 4053 aﬂdiﬁbnlﬁﬁlgfmmmlﬁsttuﬂee ast

subst ant i urro g ortion of .the n 402. Th|s
2’50 Toarlied frdotoPs B plon® e i rer s S BOF v o ped o
surrou ndﬁeéshﬁlbﬁﬁﬁﬁélﬁll suRBfiddifa Q;imm%rﬁtﬁﬂﬁ%é RarfdQdre 40D enﬁpal%lﬁltehﬁ/s%at

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

conduct i vbe lcaydicting dayeryt 19eatf tspsresnbptantéadiyt sutoundls fthe n@‘ﬂﬁleﬁp@pnv@ thes
| ayer 40%85[\9% 5! Ev&n}iﬁéf% 1%8% Nf rﬁagre})g%ﬂillﬂi bV& Jna Erﬂléjrgilm
| 'y copl anar 0

be arran or forme east substanti atlv
each ot hdayer 4688.i The S:bné.tcade ilayelF| 30 4By B f&h‘ﬂedThe lcaitamewlth hthe ARANIve

1 oult or e 40D TEhERUFbIPPE B3 b S REC ke ) i ve' SFared o

per pendi aoindd dt ReabtabstELlY deblnh r@Xive (4 Qdoh diier shRlisaRE S FI@ 4BR
stack may be formed surroundi ng the 20vertical nanow re 402. [0156]

The st acKOB dhgehept tf RByaMn 4albyifQoe mey2 extepd latswallyt fripm |the periplysal
and the capgducigsve ¢ g 1%é{rﬁferéh%90fﬁﬁyna§| 3%962 X abl dibsisilila lgggﬁeﬂa’lkﬂ&

properties, there aving as a I'n various e

resi sti veh¢ dongrtudifd &m&j%hdncmhmiumﬁw 1R \stack 44y b yorfoed runpurdiédg the
an intri n3|rtc i ode. @ further enbodi ments, the resistive |ayer 408
and t he ha %ﬁf%@eﬂ Z4 may formor define an intrinsic diode. [0157]

FIG 4C 900563 TheS@ikNRikrdrgeideiitS P tiel NMowi@ W02, the F&SItSE i lRr MBORDAN the
arrangenent (450, according to variqus enbodjnments while FIG 4D shoms

a schermtqoadyatiye vt gryshew enedidi st lfeégfysqgi RFPSTESHp igrehy behiyiess
450 taken, &bL@dqntHiRohd aﬁb&ﬂems Tﬂﬂ@ rés‘?s?fv%tlé £ 408 TRY YhlLSRANGRER erllaﬁ@

i ncl udes a nanowire 402 and 6 30having a resisti
| ayer 408nanigra ot deilghecani lvmmmﬂmemﬂMWm’mockmentsethasemg &aybeﬁ)& amd

the opnt el ol NG 051551 6, RIRY :ALA0GRNENT 400, except that the

[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 arrangenment 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 (NNP-type). In other words, the
core 5 portion 452 may be p-doped while the peripheral portion 454

may be n- F’Qﬁﬁg ﬂm&rg) Q& ey eEPJifryd Qluéx%% &ﬁé(}apx?ioﬁfr@g?@?@ Q"’@éél@n 1 2 and

peripheral portion 454 ope efore having the core
portion 45righetal patiperdgpnge gl 1qgm2)dli4¢5kastess1bﬁmmaue lsyrrolopatg the chre

dopi ng ato di ent or te cQn t|V|ty dope eqgi on
and podogRlPet bt e @ RBRnEd. Td e ohee e iibre: B3 SpHl ) Be
form ng gedplss ertﬁchi 254 hey b6 nrdvpedvor @-dbpad QIR LHE). Il EtherSPorERANS cére
schematic cross_sectjional view of a resistive nenory_arrangenment 500,

accor di n@orpIvhPiBsPeRrierfdEHieshe neipherb partipy 85hyFs by nedopathiche fere
500 i ncl ydassDanfid RdaRd vﬁmé { dﬂ?@%ﬁ%ém&ﬁ 854 ﬁ»lagz B@g %ﬁﬁ &rh&%kdré

506. The nanow re 502 nay be dope or exanpl e n-dope ype) or
p- doped (bP-haypg)the lzare[ B188] 43%hendAfkaeciphdral( paRiors 8%+ myecmelfycdopsﬂvmh
arranged aroun i tudi nal t he nanow r.e 50 t

oot v PR figr i, b GhRSve b ductishy flpdso 3-AFRE i, td - Bipse

may incl uelgima niia@/SbeSﬁ'(brﬁ&dhaMﬁﬁ tE@&aﬁfwlamgezl theeby dorindity laodigdd wdthirathe
axi s 501 of the nanowire 502 and at | east substantially surrounding
the n4noWiRPe"BHAV2-and a conductive layer 510 arranged at | east

subst ant g@iéﬂi Far rungbRe a”'k%hérﬁa’iicskfo\é@ éeéﬁ’&{al /& #0 Ti’@usﬁ@é‘%&ﬁé
| ayer 510 may act as a contact, for exanple as a top el ectrode (

for the RRAngwednt 508. ancodingugor amdeus nermbadimens. (e cesistivet m@nory

| ayer 51Q fhin t

oa st v AN R LGS Shiyikel b UL U (RGN mEipoh e g06.

| ayer 508 hamendwies Sendagbe depel aipeexanide ndypdigNatypengedioped (Bryped at

| east su | al | anar. relatiye to each other. 25 016 Th

oot ot vabkaRos ERASPEURERD {omhy bErbinset wiech mebpne: KbRUHGRTy e
| ayer 51?axfs¢50'1ﬁﬁ tRE naddvanRos, af REGGubAg a9 GhirsdHdna! th@Xl'aﬁov'élQél-S@i THae
nanow re 502, at | east substantlally surroundi ng the nanow re 502

The secom%éﬂbﬁp@enamy@hdmaz regiayividayen 0B rsweed siount thh ongitudinal
peri pher
econd canifadl iof 8 Sy RE 16 LEUTIBLEREGaRlak M- ORRRY (& ndiee S8 e
the 30 nanontiuaivb0er Tt[éalsrmged]dt least dubstantial 1y amnncﬁﬁg tlrmymhe/eﬂmyerrédS in
cont act th the nanow re 502. The second.conductive | ayer 5
o mfar 1o e AL 81 TR 2 th ETAMPE SRTIED 6 g SETaE (RE) for
contact, thORRAXARBI S0AAsAllkatcdTh G CIA Qﬂ@c&@@tnfeq{iyér 320 hR§IbE bihed
menory arrangenent 500.
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.
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[0161] As illustrated in FIG 5A, the resistive |layer 508, and
therefore also the RRAM cel|l 506, may be formed or arranged around
the longitudinal axis 501 of the 5 nanowire 502, at | east
substantially surroundi ng the second conductive |ayer 512 and the
nanow re 502. The resistive |ayer 508, and therefore al so the RRAM
cell 506, may be formed over or on the peripheral surface 513 or

ci r cunf ergp tesosean/l conCRld ve: Lakslc éja%(ftt-gﬁleeléﬁnﬁ)igg P} k"

508 may be forned in contact wth the seco conducti ve
The conduetdistive nheayey agdizengyt BW. f ormed in contact with the resistive

10l ayer [0162], The. el] 5086, d therefore also . th

rostett vaoPey s BakmlE B A theratty Sy I S herdeR bt KRN
a parti alceRos06, 0mapf bd Herma@n @i 41eangBR Anchdt i 3@GMAding0RMCEOV eofl aper
512. This al so neans_that_ the conductive |ayer 510 at | east

subst dnt iTaNPYira % guivad suhdansially sarousdingitehsespnd erndnetiisiipyes 33 2nd tige
resisti V%ab&%ﬁé 552%1&“1%1%\%' FhySORRUGhd Werd Y Sisoothl REBY &llaidsiiﬂﬁgdoeor

formed at least substantially” coplanar relative to each other, a
i |l ust r atfednddnovet & oib fhe ffedipbdil stinfared bY er, citchmi@BAN af éhd sdsOGd pangluctive

he: nanot 6 So5Th RIS AR UBAtaTs DEnrEEsonins e SPhffccin?

adj acent layert31Q. mheoydndectb@2lagad500 hdie bRAbVhaeid cbftact HithrBundiisge
the 20 nanowire 502 and extends laterally fromthe peripheral surface
503 o cilf¥tiAP®rence of the nanowire 502. Therefore, the RRAM cel

506 may r s . i ve.
he RRAM e e et L ica ot ot 0 O Rl L

| at er al | Jedst owhstdnéialhe siphmdalg & pafiiat @oBB3 o the| rapowire r3¥a candothe tsaeond

nanowi re 50 af .| ea bstanti al | er pendi.cul ar t.he .
"ongi t uaiharesfh iR, THRSATb.Gs o PRGN D 4 A Bt oupainy
sur roundisogotifid therparttzAl panadr0 Wt ritke M@Rowitedd 5621 TH eesistiae Kayl r 38gane e

A TTIEN S S R DTN T
rectifyi ngcipsMBehd liesratddvarrebysRehaving as a diode. In various
enbodi ments, the 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 amrangement of the nanowire 502, the resistive layer 508, the
conductive layer 510 and the second conductive layer 512, may show or exhibit self-
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 nents, the resistive |ayer 508
and the second conductive |layer 512 may formor define an intrinsic
diode. In yet further enbodinments, 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

resisti Y 1RO @ik RIESHE dé?@mh@fse%gal U{EPth\éa{eEiQﬂi% fagélﬂgom fhe

The resistive nenory 5 arrangenent 520 1 nc es a nanow
peri pher alanbpaire $05@2hanzhosvifeRAM &t forfiroe efSid ananimesodyodeel | ) 506. The

resistiv angenent 20 may be S|n1I r..to the resi.stive
revory aip TG, S SRR scRGRacin ol eifinal it 405 LSRTE Memery
may act asradg&Reit agLy, fREo@kgNbe afiods bahbaimekectTiedac{iBe fREmbRe

RRAM cel | 506 [0166] The peripheral |ayer 522 may be forned or
ar r anded aeBgeEnt A0 |Héﬁlﬂgieﬁ W PHWire0>Rx jaspesiphest 1av§e Saargdi & BR3dd celit

| east s u?%%ﬂ@%&%%%ﬂ 98’6‘ df'h'a Qestlsft)i%e HB\% hif: nggl%entTS}lg a Ue%ﬂﬁﬂ%lrto the

| ayer 52 over on t e perlp sur
ci rcunf erresist'sfeoﬁemdw anangwneneS(BD(ElGS“Jr% ped BBhdhalpetipheeal 1420 52%amapact

formed t hroughout .t he | n th 1 0 eri.pheral

| ayer 5235 r%a@ Bl o5 SREIP 8?1‘%"&%?1 "%aﬁwﬁi%@hemgf?@fdé&[ 0167]
The nanovwm]ﬁf)ﬁ peRiphéal wélopw nedy e ﬁ&a@d c(r%i‘s\ngycpex)oun&ith@ Idnig@udinal
peri pheral . a er 222 may be n-doped o pe). In_other
wor dslO t H’él ® HW%W%@ }faﬂcﬁaéﬂal%%‘ilb’éuk'fﬂ@dﬁh% ths H’éP%er? aferhso2
may be n ﬁiﬁpﬁ’é}alorl g}ep%ﬁaﬁﬁw b€ BBRed BN eLr ox@'%@dpél‘iri]&hélﬁl tshﬁace 503 or

peripheral Tayer 522 may bé p-doped. Therefore avi ng
nanow r e dhoemégmehce loé ﬂperlaanEp an2. Iﬁmeﬁﬁmalrlewééﬂlm@ e fmpe’-titmltghout

dopi ng at gfen%& 0 c}iﬁle Sl MireHo20 OS'r{pﬁleraP["duc ik be }lcg'wd in %Dnt zﬁ:?wﬁh

regi on an oped Tt egion fofhe € mnano
perlpherahehamamBSBz may form or define a diode (IE». Therefore, the

nanow re y serve one conmponent of th iode. [0 ] The, RRAM
cell lélR)Igg%é”ﬁ&waﬁeW’fragﬁédmdr b prghgber ArdgnstiCh 9\#&1@% feu F P&riPheals
501, at I1§y9e$tsz§mt@%wemﬁr?ﬂ%b@m@mgpé)hﬁl cﬁﬁér'v%lﬂ§ Fhe ﬁ&wre%ainﬁa@d

t he nanowite 502 The RRA 06" may i ncl ude a resistive |ayer
508 ar r arigeddencd srdle threpdripheypk lagkr$a? 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 swrounding 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 nanow re 502, and
a conductive layer 510 arranged at |east substantially surrounding
the resistive |ayer 508. The resistive RRAM cell 506 nmay further
optionally include a second conductive |ayer 512 fornmed or arranged
around the longitudinal axis 501, at |east substantially surrounding
t he 30 nanowire 502. The second conductive |ayer 512 is arranged in

bet ween ttﬂ@ Pl @g\%ﬂ&é@@sgﬁe% ;cgen%%e%én%&'orqhé %}fﬁél}]%ﬁa}f&]‘_ nsgco d

conductiv over e perip era surface
523 or crqoudmihee dace GP mh:e bpethpt'damaICOhtagtemtﬁzﬁe pehghesdcleyer 522. The

conducti ve for in co ct with t er,

oyer sogesin ik Trask 508 PR tRplapeeronflsBah A sl sendGPEARRRP LA ke
second coRddtivy BybayIOrmHIE: folhel ﬁ%dtuett\bmethbaeswhvéﬂa@em be formed
in contact with the resistive layer 508, 5 [0169] As illustrated in

FIG 5B, [PHIonidlyetaterein BaoBs 1 ?ﬁﬁsduweearﬁrm@dnw bronfingd Wbimsr y
or hei ghty @hdd{er hagrlt%f'tr{@re'seﬁ% 1agr98508ﬂrﬁe FeSRtivd raysr JoRYRh tﬁ@&nﬁﬁaﬁehe

conductive layer 5 be arranged or forned at | east substantially
copl anar lar &l meytbe aeamgrrd@t fremed Thisast esbseniieldy topjamar fel@iva taledch ether.
second c ductrve % 5%§ppa bg ar.r.an

Sobot ant | ALl 1R Sbs BAE EMeqt SRERMIE Rl sTLRAY Be Aot fomped

508, fthe aiQemnCBl:(mithmellyaqr@lans%Qelgmb E&re:aslegﬂrw (I‘ﬁﬂldeﬁﬁtlv\éelanGNGOS S
may forma stack structure 17 The, conductive | ayer 510 nay act
as a @ontcaeé uctiyg jaygl éﬂaesseaortdcfﬁnér‘-‘élar? 2TR3Y foun astask Rigti el |

506. The (FHER M6heC OEHHER eV @a)Je?-yfer BY a@C4 éﬁﬁta@t CRpt @:&linplé Os a to
exanpl e as a bottom el ectrode (BE) for the RRAM céll 506. [ 0171] Tﬁe

RRAM cel Iel®06de ari fphéreeRT&AM a¢1‘5 806. Heher sesomsh Gopdudtivg dayes 082 mryadbas a
formed at Ie St tan [ n ortion of the
, for e%r bl% a0 E) rgle?tlﬂod’ectﬁgglﬁo qqf;ra]nggM S‘H 50

nanomrre‘?B perrp era ayer 0 Treans that the
conduct i \{91714%&: RRIAMaret] 305parslabeanfbre olsd thetresieivie dyyer 56&2nzryﬂi}e @utmédeﬁst
substantial ly surr.q nd thgﬁl artial port%g f the napgw re

[0172F THaSérr_hsenﬂr &3 Pasiid 1 'BRJANAYIE 27 3k rhsrﬂerlﬂleeral
peri pher alhyeﬂs&fzaffﬁls%é’o Head Hat! E’Heeé&ﬁﬁ&n/éfla%}es 1028 RIMHE S5e884 coldBctive

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 501. 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 1s replaced by a two-layer peripheral structure 541 arranged around the
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20 fornmed adjacent to the nanowire 502 and/or the RRAM cell 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
| aterally fromthe peripheral surface 503 or circunference of the

nanow re l.eas t Iall er.p i . .

| ongi t udil%g%%ug@%ls aggl.gmlzgﬁgt?l ge@&or 5?022 %Dfeigrg 1%6%@%&2[}8/”%@?%18%1&&%%
sur r oundinagowine502e it ihe atsistiaveonemeryS2ngéidnf SE0 FinGdditens lenwsanawire 502
schematic cross sectio view of a resistive meppry, arrangenent 540,
ccor di ngiio 0g BB Shab FTRHEe. MHEY, BLHSFRGE. Rl AeroNGaRtAeY
540 may Reraasent@s 540 REFbHE KulilRPoaROFSKtvOhehbs JB306 (FIGS. BRHRA $BRFO
arrangenent 520, except that the peripheral layer 522 of the

resi sbi vdOhididihy tep-laysyperherabstorciuse ppinglades piprstparipberabipper 542 formed
peri pher tur r . ] inRal, .-axi

7 the- nahdurp Ll ferdfch BT ARAGH: 0B BN, o Fon DT DB ihuiil
502 in theoundsheslonydudimaiariy Sai mad gelemsn suisdtiallynsumeddnding the fahewire 502.

nanow re , 502_may be undoped of the resistive nenpry arrangenent_540.
The 1 s STeJES ARG D A B G 08 A0 0156 S5 PRTbape A ES: 18 e
menory  celikudfenck! ESthe 3fanoWite 3502, The 10kt pdripieeal t MOer! Sueinapebd Ehededl
structure 541 includes a first peripheral |ayer 542 forned or

ar r anded thirughophihedengile oh i daneveir s 5. Jhe firs perivheral daxes Sthipay bsdemed
bei ng arr; . | i tudi nal axis 501 and at | east

subst ant ilgpﬁg{;&é%‘?‘3&%%%“%3’“teﬁgg'nanom re 502. The first peripheral

| ayer 54701y The frerlpet pughent somctiiee SpHerfupher akluder faasseofd Penpheral

ci rcunferenc f the nanowire 502. The fjJst, peripheral |ayer, 542 nay
be 1 or medOFS SEPORIRET (o HE PErRCiP ot pi RBer s Bog0 Byerr il fredeon”
peri pher gleripleatdlr 1a942 s8®¥behiy hoinged drburdioteakingithdihultH6s Fanokidr &8 RAd.
101751 The two-] ayer peripheral structure 541 further includes a
seconld perpybiably swrsgraingathe figst petineen ltre >3- Lhe sseandgrraipheral layer9442
and the nggj gl g&‘?xi}]éda?(\?‘err o108 ,tﬁé‘?exﬁﬁ%&'i‘%uﬁ%e‘ prebalci b @t ffened HrRBE Tist
arranged around the [ongitudinal axis 501 and at | east
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—doped_ 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 l|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 nanowire 502. The second peripheral |ayer 544 may be formed in
contact with first peripheral |ayer 542. The first peripheral |ayer

542 and t @&apﬁ d
at | east [Qﬁlbitantl a cleﬂgﬁpgénoaérggﬁj at ?I{/lg(ﬂf%eﬁrggg ﬁwﬁ?ﬁ@w?%&%cl SrEE
first perirpimefeadnce a)fehe anynpie:rqi ldpgredi4oThe lﬁb@Mdce(lP(llB:)tWemay\Ablel e
t he second r.i r al er 544 ma ed or p-doped (N P-type).
In ot herr}wegéflg?‘ﬁ%"tf“f‘@ ¢ SFEPR P f’raﬁﬁ/’fé%agﬂ may be p-doped while

t he secorngh73¢rhpResél tﬁeaml\'i%emambmaP gapedl 19eratipefrbin e perlpheral
peri pheral |ayer 542 may be n-doped while the second peri pheral

| ayer 5544urfgse 3938 opcH reng af &g gpro Wik SHading dirgt ménwher@ﬂ%eﬁ%mfap

| ayer 54%.ahd oéeﬁgh?ﬁ»glcﬁgé’r PAY LR YelforhaY Gliacdt 16 8P EfldwiR yozdgrﬁﬁ& et h
dopi ng atons erént or opposite COI‘IJSUC'[I vity types,

regi on aRAMdeiddoé; egioondihy thmdmvwirh 562 nivbextendstlatprlly Hloer tk pblaglmral

542 and the s nd peripher al | |od
(D) - TherarS DI rESRER Tl bRt Sol theidbll B G RU 3gE g S

bot t om 3Femedtdvedse &Bﬁ)p)enplh@atwyee 3h2 ¥nd OB REGNEA Getpidial INRr S#Qdﬁhere the
[0177] The RRAM cell (1R) may be formed over _or_ on the peripheral

sur f d@e wwrce&,lﬁpéuhf érSé HE@’hﬁfal aygr %‘b?c@@dh%éﬁcpe#@@mheqabwr Hagxtepde

RRAM cel | 0,

peri phera er 544, erefore RAM ce 506 may extend
lzrtér%ﬁ% fr%gpth'gaf% r!i]]()guplﬁge 568 G Bf'c%ﬁmtfm%éehofttﬂf [nz?rﬁﬁﬂﬂ:dSOZ at least

| at eral | wullistammﬂhperpgrdlcpﬁartaIthﬂﬂosgltddméaﬁ@éobrln(pthec wofdsy elBet dR stdek

nanow r e 50 The first er her al gél;z and the second

peri pheréﬁla )fgpn%ilﬁrrﬁ%@ F%@l “58%( ‘to the nanow re 502

and/ or t he178RANMrieed Emb&timests mfiagUdlsh ﬁl@vfdhthﬁ@rﬂﬁﬂkﬂ’sﬁnﬂo@-ﬁﬁﬂluﬁi(ﬁtmsof
laterally fromthe peripheral surface 503 or circunference of the

nanowr e °rHe (EfadF%St“feH'%eWWé’éganeﬁbQVIF]Pa?thB’éa f By ey or @pd +
first perl'RPzi}Ql'i@éctulr@)b%ed%zth@@Bbé&l&eﬁﬁ%@'F‘IJGS’%’A RhgHakA |t@¥§ran§$§k to¥ter e
the 10 ARAM cell 5086, first peripheral layer 542 and the second
peri pher éﬂheltblspeﬂlrﬁmmmlt @ﬁla) maite satksympy benimhlemgoeted ph errahgesuarpengeths 03

I
GIGILT PO RRETER T S
stack maywbhef of meld-sackedRRAIM gellsl"e@outelr 4 nahalvire amavider terobthee, fddt, ABle or

Vari ous enbod ma ovi de t hree-di I’lSI o]
ot neiS” oy B oAt PR RO Sl ae et eGP F P D A
ei ther a [df3oprehs!t gat uﬁ@wsora §chlz¥ﬁaﬁ‘c 1Rl %tlamt%@ opﬁsﬁﬁalsﬁﬁe trh&nory

enbodi rrents of FIGS. 3Ato 3D, 4A to 4D and 5A to 5C.
t hr ee- di ripiaBgesteat GQ(BWDP anranltii oralurelity ofwstackes fepistivenmemery ashs 4P6a Q6

around t X 9

i 11 st SRR ol Pt e b b ARASY o Bay b gyed
cells ar @mntﬁeaemlmdﬂmmze of IGBe 5Bwr, SChame hafiogr as finoa-lonitidf exayiple, a

hi gher. nunber. o cell.s arpun he _nanowi re e of fering_3-D
Capat | TPRoYies 8 ricesievde SrEHio St Hedancat o b6 SbEdhed eI or
a resi stiggayRnprphas! RRSesENs: SD0whchhmay BblkhE deREibed W fel doMteRf of the
stacked resistive nenory cells 506a, 506b, according to various

enbodi merembodmpeats of HIGE; 9B and ABTgsPaetivehy @ﬁéﬁfo BBA Mgl e ghadel RehMhe
enbodi ne | l.e,
a 25 nan%\{/e\,iﬁ r5 gg%%gi%maﬁ edggﬁ%ggg%{rl aalp Efg%ggdn%ygl(t of atéﬁ%ﬂw
enbodi neréngtif oFthHESian&Rire 1502501 slkioupde b pﬁ;ﬁetahtedl al;ae anp Righar mbdtier wh RRA Vay
be as dESC"I bed,in the, cont gxt o} t he }? odi nents of FIGS. 5B and 5C
r espelt i EISmay hePraysiedeRRFed APl from gch gther. o+ RRAM cel | 506a and a

second RRAM cel | 506b arranged spaced apart from each other along the
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[0181] The first RRAM cell 506a includes a resistive |layer 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 may be as described in the context of the
resistive layer 508 of the enbodinments 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 ﬁllﬁio t e Loent s. 5 .

shoul d bgﬁgéplﬁ%%?%‘t%é at ée\}%??ﬁea %ﬁ"q‘ gg%m%?lsﬁ%eﬁ?%gggﬁggén uc %d\‘}fétwe
| ayer 51Zayes Stigs canidbibd secordnBRAMItee}t 5@fb inbldenbadsismdrt hyaf S681Gand 2B
or 5C may be forped in,the.r ective firs cell, 506a and ,th

cecond RERRRSUNT 1Rgibl Doy Bl e repetvedash S0 S0 LoREHR Fotesyigied i the
sect i onalcofeRMoPthe dediffleShyey SOFRTRRY eRbsBRMERERAFIGS058Viok 5Ca Fabh bf t1Rr
plurality of stacked resistive nmenory cells 406a, 406b, according to

vari ods epbduiivedaxers FHea, rid8b gnaw be g rissgribed rigrife wentexte 20 theagorgactive
based on i I i : .

ol o e SEARP AT flenls SPGB0 SC e sB¥lg BN 1ol i while nor,
cont ext chowhethe strodd remtucote lRyESY 1244 deScrited id Bie cantixt sbthRiRAvbdieichts,

e.g. afir cell 406a and .a second. Mcel l 406 rr ed
Shaced afHICHy IhPES: asth dr R e e Wiior At SRAME T B Baseend,
shoul d bezrpRregisased t hat any hi gher nunber of RRAM cells may be

provi ded, spaced apart from each other. [0183] The first RRAM cell
406a ioncll0HEd FAG, &8 shpye 3 Sphematisg srosh dseatiangh die i ffe a20esistiye rmenmery,

and t he I j i j.

condunt | JEoREaieh Bt S0 dEHORTE hokEP IStlVEmbKE oM AR TECE,
as descr idoending t¢ herioerimdrdinehtst fike ressiivd memotyaarsngdNdit 620 ntag be based
embodi nents,of EIGS. 4A AB Eac f t conductive layers 410a,

S 100 s GsectS certpodperiaat TS A 350 B hBheb R 5 e SR P 6
of the eragsivirendswhichithise AAIRAhed B t125oRERADf the cmbodih@nber FIGS. 4A

appreci ated any one of the resistjive rrermr% arranqgﬁerrents 300, 320
400, 450,304¢8, ambiyo BaMyes/isisag. riteh RRAM et lf05a nds spepad RBAM gal| 446by e

Menory Cell,5sRacad @Fﬂrﬁtorr] Ea?ﬁ‘o%? B1oRk '&?erng[e):(ﬂ;%ﬁ Bgtﬂeﬁﬁnéyv@l%ﬁg?.‘hf sholi be

respective nanow re. [ 0185 val i ous e I ments, durin

f abri cat iappreofatedthatrapyihdghiey sumreermt\R Rk Magetje mepths pofvided; ispagsd apart from
enbodi rrentﬁh tg‘i fferent fabrication nethods nmay be enpl oyed to obtain
or 30formigah®erectrical contact between the nanowires and the bit

| i nes ( BLp183PpiTHeefignRITAOML ettt 406 asluiey abesistvarkier #08a andinptendhcwm
the top of thg nan re as illuﬂgqa?he for { e resistive me
t

Wi [y
ar r amfemefer #6¢p drives seqond BR% bpielighs rrebifeen BBWAPE agd a
I |1 ustratgdqic@ive IHer 4001 BhdVS tH@f@i&Hv@lﬁg&Q@@gﬁ?ﬂ@Eﬁb?ﬁQy B8 adddseritdin the
where the resistive nenory arrangenent 700 and the resistive nenory
ar r angenmmenteXRorl the yeshwive dayey 40% of the cortiodantme sFIENS. FAGBA 41 Ragh 3btheq A
to 4D, 5A 6 hi [ OVi . Dre i iL,0n_chol ces
for diff eclpé%%cﬁih&%{%gfgg?(ag%mg Ijnfy BE ¥ (ge%‘gmbsednl‘ﬁ ffe ' OLRY 8F conbi%ct?ve
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 nmenory arrangenments 700 (FIG 7A), 720
(FIG 7B) includes a nanowire 702 extending froma substrate 704

havi ng a buried oxide |layer 706. Each of the resistive nenory
arrangenents 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 cel | 708 has at | east a resistive |layer and
2 conduct b B hory TERELRLE 708 19350 AZ0PRLS! B0 bBoth 18 (@ BANNEs

| ayer may be arrang east su ia y surroun e Ranow r e
702. | n \iHudtated forblodiasbits ,rneﬂaﬁj?l aﬂﬁngdﬁ&nt @30 of iRI6. ﬂBmwhyne the resistive

arrangenents 700, 720 ngﬁ or exhibit self-rectif nrg ho el‘él
or behaviBYROrY grigngemens 700 ap \gEFr‘ESF‘F%YF CRBRINYTEEr e} @F ase
behavi ourthe db&difiéhts UTFIGSSBALthVID, ATRS ¥DAKAADSRBIA ardD6B rmmsfpwld{@r
include a passivation |ayer (e.g. insul ation oxi de) 710 at | east

subst &nt iregre yntegrptiaudhaioss fardelfareny ReMstagkon of t he nanowire 702, and

Cubst ant 107 (2% T, ARYRGist . HomloP? M AR AP NIGHZA) FRRRG. 7).

at | east iaclpdestaimanowire 70k e ARANME Bbi a/0Bstented7 Adhieavpassburatlicaidel lagee 706.

710. A c a contact pad) 7 20 e | e of

fatn ™ B als il REPos AR etenfiooo 50 RS iaiRrca T3S S 708,

the cont afflerd 4 flofM o EhcBIRAM ¢ttt U3Yat SALINuBStaktRIF sBirburds e I{aﬁbéme A0,
contact pad) 716, for exanple nade of netal

cont act a be

f or me@ oﬁ’ﬂ@gRMM cqlh%%h@ssat\}aqsr aricsigiygrlayer and 4ranductizn éﬁmg Tilm@erg,hata
h h |

Coneacr JKR TASARSL AL IE RV aSOPL e SRy Vol

For the mesosire V2. dewanwsaam‘tmdgwm:tcacmﬁ thatesiseas memopparangamets 7H@
ARAM cel | .,708 be a |l east substantially sur un ng .t he
anow r e OTOw, B Sbita oS Fongtinor 2P ¢ Eoh b R
appr eci atsggwingatifiigiffR\behéBuray be forned at |east subst antl ally

al ong the Ieng}hp of the nanowire 702, e;)ushl ng down the RRAM 708 all

the wiy AAMSToMmedesistiicrRemery ATmsemeRt 0P graxy t Inplude fepgsgiyptian Jger
menory 3 r i . 2
2t enst Sabap ARl briel [ e AR Mol e 6] AT e be &
nanow r e nﬁﬂ@wmmw(ﬂh@nﬂl?mmh@l paS§1®8t.lonAla3®0rﬂe@ctm£Léatgm axidont7a2t atp keajt

714, for £ made d on er . the .

passi vat iShrmy Dy FR§Surding TR BorontEit, REioh o O haBPwith 16 % 1o Fporigmet
el ectri cah¢ RRAOUREIEUOS and the phaivation Riyek Tl@gAOdmmfat telie aranay gag) 70 far

t he substrate 704. The contact_ 714 may be el ect rt! gally Qogﬁl ed to a
bit 1¥ne FaEple madeohimsial. ey b formedion arqvesths dep ofhgnanogirec 02 ghac figde
of netal,.oqRY: Pes Bﬂ&rﬁdd@&n@ﬁlly‘)&%@lédht% aoﬁﬁslin\éa(tEanA Eotfedct ?éé a%Bﬁ‘tact
extendi ng through a "t hrough via d electrically coupled to the
RRAM cel Ipa#D38L6, The ewnplacmactel@f rra@talbeneeﬁ getioimed lop eoapirethet prssivaiond

line ( W)lae[rg%ggalld e;*& n(ﬂnggﬁ(gﬁ t&\%ugg&yla%)? %ﬁ& el%g;Qigg y ctﬂuéféd t(% ﬁ'le RRAM

exanpl e f enbo e conp
verti cal «gHt768.aHe cantauitl 6(:hYe einm@wllym@l@ﬁ&ﬁﬁdﬂm ooy .

Therefore, it may be possible to integrate the neno UIt C

resi st vdORRIdi%y R rristP Rete e 52 a3t al??@&ﬁe%q Oy 53%1\4
CMOS devi&as0§ & gbe\é%ﬁ | @it léﬂﬁ%ﬁ&t&rﬁm@%&ﬁ&in@%ndﬁo%h’e F?O@Bﬁd&xf&ﬂme
for enbedded nendry a i cations. Hence, in various enbodi nents,

differ enttonpbﬂma@he\gqu:raS)Z Heshersl lpyampr deinted ﬁlwte@p &RAM OB enayeles @nmecbat
of, di
menory agaﬂ?a%naﬂaa alo%ggth‘% ?elﬂ% : DTy e B TM RS 7&& uslluﬁ %@] 5 | £RS1

for enbe ons, for exa em in
paral | el thettvhpn omk a@higot awithl thtstsnbdned: |m)4FIdGect& ﬂrhet tesistitee gharmery

themyvertically o he s na re within one chj asHIutrat
i n FITS, aavgsbens 20 i %@%ﬁg Hufha Bessivgton ke h’dﬁ pleasts Fostapity
swi t chi ngyuRGAREAS 'tl?esbotwf&?reﬁd ff@gioﬁ)%f IR BERWIRPTO0RK HR mwrcem GO &
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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 (menmory part) 800 with a |ogic CMOS device (logic part)
850, according to various enbodi nents, where the stack(s) or
structure(s) around the respective nanowires 702, 802, for the
resistive nmenory arrangenment 800 and the 25 | ogic CMOS devi ce 850,
may be at r u for the
osi sti vaonBRSs LD P G ot e Y L S REHE Ry O by
at | east thulpsisaratmzalldager sy bt casndieg [throlgie arms:}ughrwe 7e nemklyelectrically
ar r angenent 80adthe|o c CIVDdeice 850 arran edo
enbedded PHPIpG G| 11| bosiam §€5par%r%|qf A %ﬂgrvrrarﬂﬁcrr The aibgtiatg 704. The
syst em onuafkid14 ﬁ@fi BB cddfeafly @Gk 1'e§%|a)’bi@%'19|(| VIR Qe @é?eg cbitadthe
chip. As a non- 30 limting exanple, electrical coupling between the
resi stsi veagehids yiorexamplenmade gbanetald nedye be dgieedopprdensr cibe Besivtipnbe
carried I T r

morory. antihalheht BOGiE et e d R LES and bR OB ET, B Rt
resisti ve:elrﬂf)&r@hea:bnraagﬁﬁemﬁy bEAecaicaly Goupldy tO\MWd’l‘dﬂlhe(Wl tion of a

further e.d. cont act r exa de of . . netal
whi ch nafli?ﬂi‘ﬁ%rf?é%gea%% ‘érwrﬁsﬂ%a@mer}t&t GPFRD 65  egfggliment of
ext endi ngIEN7AUGHa A b hoapatblY i widB3etidMdaat edt sbeal (FARY Uheirs dMokhe
bottom end region of the nanowire 702 or the base layer 704. In

vari olfs deghoalogentherefprpeit mpay ke papaibleetaoniperaier the gromony uBOOelleasr sHEyeor
exhi bi t
cont 1 gur a5y SES risRgipy BBRbY #RnRbm iy AhAlfie s BubE (o, varicy
of the comthaeirsCRAS d&BGes)mythmnablchlpeﬁ’oeembeddaﬂ rrmmmpjr appjlchm:tmeﬁencbhm
nanow re 702 an bit 1] I.n vari.ous enbqdi nents.. the . .
ooyt | vl RO SRR APPSR o e kg M sesisiv
(17), formaxayrh@nidndn® 6 Aridds dmiRiAEHE MiRCb CMOS ddvicks R embedded
described later with reference to FIGS. 9A and 9C, and which may have
a si Ml armepedicepisations.s Fswprammle deeratin dhai ip spalick| within gmeaplie g,
[0192] The,dw@iGn AER %‘?}’d faf %@th%wehg: Hﬂ?etsaha%%%ﬁo@r@ahﬁatdnﬁ'cmﬁ
similar structure or donfigu Fati on material system as t
t he resi sisiilhestratedonyFI&GS QAgewe?E. BO@ndibs OTh‘éleItbggn rgvEsd dpviife REGOM
i ncludes a.n 02 .ext endi ng froma._.sub tr 04 havi.n
buried oXdE ’r“%fé?P%@ e 1t erg‘r SIS BEOTCE o°ff F‘Ph"eFO‘i‘tﬁgr‘if&% Ta
| ogi ¢ ci nedbwir&Ohdadit lh@@$BL@pﬂﬁfeﬁﬂhpla|ffo)‘n thart6® ol Rgndwie: ARINVEONE the
802. [0193] The |ogic CMOS device 850 may further include a
passiPat i BHOMAFdhe faBOYIre] nsyl ati on oxi de) 810 at |east substantially
sur roundi{ggod) 18Gt @PsieRd 4 %&ieﬁﬂh@fm&sgese@t%n@ﬁ@%w BP a%@alle@@ﬁe Q6D8F a
passivation layer (e.g. iInsulation oxide) 81 | east substantially
sur r oundimgstiveembmotyoanagdmerig{nogmay pane &ﬁlanwmh raelogaszQﬂe devigé €logic
circuit 8Q t he .passivation | ayer 81 co e an t
pady 814 P B BEG E A b ey e B T e B SRR
of the nal‘i@Wspa:tB'@Ziand\vﬁ&n‘mﬁ;TSOQ £efog tharemntramenmﬁl)m%@mehosommdr'ﬂiee
made of net.al formed on or over the passivation 2 er
and et eriaglﬁ&l‘{fﬁﬁdiﬁgﬁe§59 HE®UBhatApast 8‘1@3&%“3@1"1}%’&‘?% ilarorvvaﬁé taigs ‘H
the | ogi Cth@lésﬁsﬂ'vé n%%w ﬁr&dﬁeﬁn@ﬁtr 8PAHdARE lc(g% gMGS aentagio H@ﬁ)be%?%ast
for exanple made of netal, which may be formed on or over _
passi vat i suhsthndipdy s@tijr aawdllemee‘nsjrtng g ghrasgertenoBrandithe BeR GHOS
e ectr | Calote GBS el dfrah B SUMRMEN JoBHLP I lep B RAMGEAR R &
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 nanowi re 802, thereby providing a gate all around (GAA)
nanowi re transistor. [0195] FIG 9A shows a schenmatic perspective
view of a vertical integration of a resistive 5 nenory arrangenent
with a |l ogic CMOS devi ce in the formof a transistor 944, according
to vario I i y
ar r angemor D400 RS ety S K S afol o deib OB AL LR 5B
r epr esentresidivs lnIEgtiCﬂfy anngetibnt710R I Ganycwitinthe adtigion péaSirdtcorodabe (amy

be a gate all aro chan eI N ET. Th i nt egrat ed
resistivé SIS pafﬁnfﬂé? AP ???Af\ H*&E@- WA 0t B0 oTo 28 Sty e
RRAM cel | a%v%tlsﬁ%lé?dlprhnﬁ(%ﬂteﬁﬂm higoB@N ® Wrbig:hOAR 837 Ah& emlcmgafbubmt
t he RRAM ceII 942 may_ be arranged on top_of the nanow re 946 . on

top of5 a tedhe dwiosuerddesion afhde manewiree’0340r theopawey kypn 04t hbvanous
nanow r e i 5
oy e Stiopaihel Bkt AN ifhediinf socily W B OuiE AR R
arr anged patpetigeastr tebdstant.gad IR pafightatén stovengbdfeciifyingbdhatiens datys

tos of 1 RReani el S conSiedl B5 Mg rihle clgiifca puptig bASEE ud"

sel f-r eCtﬂaf‘l(WVl'i‘Q R0 O[FRA b Ybhio rhnB l Qll}lrvanB@sl’ eﬁ%@dﬁﬂ{eﬁtsf Qhe Qéﬂi}ﬁﬁéﬂﬂemory
menory applications, [0196% %ate &H term nal 948 of the tranS| stor
944 |9 arangraRFRSO® mpy Eheringluds,a tiapyistar (1Tdator examele dndomm pyT +
surroundi P&M&Fna@m 18 &24Gibell h&&ewh RERMNEL E}QFR;% 283 9C, and which
configuratio ate term nal I's connected to a gafe’ contact
950. A soumydmvé SﬁlMlbirmnmatre%thvel bodplea@OﬂmlemtﬁeafﬁGSoﬁA tdlhrb9(hanovm re

946, wh t ed
052, A a1 IR s RS e G ouinilr 86 oot R BERER SR feraFol s
nanow r e c9Afganibn Ard/BRAM el kys&:ﬁ?. as ﬂﬁﬂef?ihel?bﬁuv%nah@wn&ngﬁi@moo c

perspectiyve view of an ar[ﬁg} 960 of resistive nenory 25 arrangenents
wi t h Pogildedres dPScdayicepiifeclydes hERAT I e Rt Trem o AbSpHe S04

Menory ar@he Wthddacdddenyéd 2064 The 16'%13: Rnt6Y Qie@fée 1880 frQier t?héludc's r!iel%gm
BL1 961, BL27962, BL3 963, BL4 964 our word lines, W.I

972, W.3 h7a 8 at IWHSUbaﬂﬂdtlﬂﬂb’LSﬂHQW@thb npregyireSI02. 981 SL2 982 5L3

o83, L% 3R 708 ReRoPMAY ALY GBS nrhle LS g 8508 o
cell 940bndu$atﬁ>ﬁum~l1&@ B0 Bt 2e86 ZubitMrdialy buandndngd (B840p Ehé egioncel the

term nal / cont ac . .
nanowire %02 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
term nal /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

adj acent sidgl Lt. G Senal WA : [ 2D IRIBRH

si ze of A!W(S@F Blrglgltﬁt &&%1890&?] HE?EQMB%?%E%QQ‘D%C%&%# cf é?g'ss ET)

sect i onalhavingva gite aerviéndlitba atiledse gutatanaally fureounds ittst nanewine B2y thereby

ar r angenent .‘\{vith a | giiec rgg@?égevi ce, according to various

enbodi ne g i “arrangenents of the
M CHRE gfi@?ﬁ ™ TARWEe WERBIY

enbodi e B FIG! $Bshifs 4 @hdbati rsrﬁm{l@,viéﬁo_f Ové&fical She@iicbriit.a roaisiveA

and 7B may be enpl oyed. 10 [0199 a non-limting exanple, the

i Nt egPat dEEMEY| FrangempnBHl wlegin JAMPRt dotw imdaudes af mateniser §6b,

a RRAM c t t i g I R O\ I ,

and a | o%%%orgl?l cf’li}i }tdrgoglg eg?dﬁ: g%%@, stg%)rlé: %?ﬁ%@ﬁgdis&?r%n%?ﬁ%ﬁ%eﬁe&%

nanow r e a8@igenvdne P¢0.t Tie RRAMtaletekis®@8mandryt imeanigegit BorrepriesenS0D single

be arrange d apart m_eac er along.t | engt f t

nanovi o 1603 P4 08 Srafaerk T8 Rt s tevrs A CapEnripRumte! i fng
a buri ed M) K@ IFENS ThE Ghegritee rE¥RAMe GREhoYO8raNBYm &R \Wa0 dhclh®BSE ndhowire
resistive layer and a conductive |ayer, where at | east a portiagn of

d
the ri@si H¥bvadadRpMhes)l 942 stacked o8 Gensohthe inanewires 946: dlisamenmesn Aghilice

902. The 1 i i rdEe i : f
t ransi st or 2 e. %e% %@%ggg g. ﬁ/d&qgﬁgﬁﬁfe&f n{%&%%%hg\%i ﬁ%ﬁgpéfgau}o?een{iS)
t er m nal ,suacdr afi the (lBhowiee Sithalforaaxdmaleq dteengnGyvire ¥4 may havtehe talgitudinal

providing_a a 20 1T.+ si.st.ye mepory arrangenent. The inte t ed
Pest sti vahednl y A RIEME FI8Y Fuslt Bo apeeds 08 HRh oL £ TPTE Qe
ar r angemenhowil 20n@ibEs hahnged at leaR WulbBtankielg paralldd 3¢ aplahalbhichShtersodts the
t he nanowire 902, thereby pravi dign*ﬁ a gate all_ around (GAA) nanow re

t r ansi’st dPrasidaabexie e R cfl 942 may herjiaskeggn top pf dignanowire 946,
embodi Mengp, ﬁl@ﬁl\ﬂ%ﬁ\/b@eﬁla{ i%glgibﬁ%m.?@cﬁ%g@%@nf\éﬁ belthRub ABPWEdnble for

transistor (e.g. in a vertical stack) and the vertical nanow re
for the readieddddveemenyepplicabhs. 008 and the nanowire transistor is the

sane ver f,&bf@d] A‘aeﬂg%{ {%n%%nrﬁPé’ng“Jf‘%hé {1~a:?sist$r*b%4ri§§$-a5& LY &R RaY Sfidio Y
t he nanow re transirstor share one common ‘conti nugus verti cal
nanow r e)least §ub2@Nfiallhesuimtetngat éd masdeiie veddredmigbyarpravigagent GQAQ

may further include a passivati | ayer (e, g. insulatiop oxide) 9

at | edst SHBEHAT gﬁhﬁﬁageuﬁﬁ%@ald?%lst%@@8@%%@?&3@9@9{ 8%%& REVARR &
908 and tiheihD58 i6 chsld 1099R: end[d14Rd hanbW8rel 946 UhaletfsduBR! ®hitaé€954 is
menory arrangenent 900 rmay further include a first contact (e.g. a

cont act auecg(o dheisaureeicumgalcydt Acdraingl).contaploHioais copmedled 90 the dthgr
exanpl e r%ggf f. B e o An%QhQ?ﬁAIR? %ﬁ §efrically coupled to the
) el'éctrica

nanow re or "exanple y coupled to the top of the
nanow r e [00%7] FIGe9B ishots £ arhiemetic f@pertve iewnf arlaaay P6C of leyistvaeupérackyt 0

a bit Iline (BL) and.the sego ontact 922 b | ectricall

coupl &d t%ragg%%%t%wf‘gﬁﬁﬁﬁaéh@ e aﬁ%ﬁﬂ%&fﬁﬁﬁg%%&% é@ezﬁhe

The i nt eghah®q @598 inSudd ol ¥ 176} IR 20Gp180% fouf bt Gihed, BEI URE, BLY Dy, d
contact (e.g. a contact pad) 924 and a fourth contact %2.972 cont act

pad) 926,BEbP0% bdiil6d, fraaavosd lines, WL1 971, WL2 972, WL3 973, and four
source lines, SL1 981, SL2 982, SL.3 983, 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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nmetal, which nay be fornmed 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 nay be respectively electrically coupled
to a source termnal and a gate termnal of the GAA nanow re
transistor. [0203] Referring to the top view of the integrated

resistiv I L et GO g t 0
and the ggﬁﬁgyc}é%&hftadg ttﬁé(){e)e?%%cla%i Egtlgl(%;our??t a%%litg'ng&)gF 24% %l_fcﬁ‘g)g%d ?tgta)eﬁg@s
over | appilmg. Thgédimetermihdl/@htot of the rapeatize isangidutithed! (elzge§40mP4tiy and a
arranged .i.n.parallel  vertical and not _on sanme pl ane. .The

ot or ancdintilrebaY oftsir epfas s oo trboe] St el i er 2¢ @
nuneral  9ekk tb ey BERMhG featirstke) beterewhidjfehtendlehifif eaREthBeER Faullizi90 he
represents the overl apped and BLs. In addition, it shoul d” be

appr edi ate€d arprgemeResieh ¢i4% (QPHir ni nal nay not be required, for
exanpl e Shyd t gt [Mag=2al : 1B, LI s
may full jb?oé\]/g:rﬁ(}t ﬁ(e: S{ngggl? &ﬁgnow rqlgfgs g%&%%“%ﬁegrf gg‘frg?a\t}gtr? i cla o
nanowi r e rtsigivsi sleowsy rmampanp@ndnnt wgh ad ddgini CMQhealeves] stéordingewo vyrious
arrangenents .of various enpodinents vertically on the sane, nanow res,
Sher o ond ARG Pad 18 R BEIS RSP B AD T RSN PBOE
silicon rAGEVSA &) 3B 440td 418, I A I, [6@0HABHE, Bhd PA add MGy he dniloyeabedded
nenor apgllcatlons. 25&0205] FIG. 10 shows a_schematic cross

Sect i BnallDigddor Tenimting &irBplep thscwsagraio gesi v e rRempRTH Preneese 1900e
memory agféﬁﬂ&_?_”?'}{an%\%é%ﬁj QORRAN Hel10668 GO TRladrially %%&?&%rﬁgigetﬁﬁy

be provi he substrate nay be patterned and porti ons
subst r at eanayirh@02, endy éapic fipnitdpmpleastisybstantinily gyrauodide thermmawire 902,

nanow re. .As r tructure.1002. be obtai ne th

CE et ur e BN o A b iR Bu Y P RS sk et ram,
30t he sulkgth atter ARBE. the [ERAC I A asiimiit YN Thryehowie R02i dxdetldatiicnm a

OXi de% may be deposited over the structure 1002. The gassivati on may
be pat’t ersHetrand pivingst binfd radsiayertd06n ThafBA Nyl 588 meprdipre at lsast a

leave a RagsivayePihd AYRdudieaiRs, Jilee Q%ésf)ﬂ%u&{iml?@?ﬁe F QD196 ﬁllS%at

nanowi re 1004 on the substrate 1006. A resistive |ayer, followed by

conduct i Veas} supstantiglynayronhd fhelraneleine 803 dhe logic girews % may instudg or oray

1100 may .be | , Vi assj ion | [ 2 i stl:ve
ayer 117 Ao SrighutoT ORRr d5 MOYEETT B0 PP el @R’ fLbKE «
1114 and sotnec (Hndraihaly @ draly €D) lckththairand beatedd) e¢rinhl atckepp ptdvirtisg afa
the resistjive layer 1114 and the conductive layer 1116 may.then be
removi¥d, flor TextBmplSisHe ¢ AE™MORY STRRESTSRL  HEC, dBigRITe PHTEC 199E°%nd

t B? pong%tahy&nén@m repiebbhts AFinkRAniEBth IR Arafifdriédt UTR chdORrAmBY] 28y at
oDt al nea.
least 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 may be further
carried out, where necessary. Doping processes nmay 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. nay be
deposited and processes (e.g. etched) at any stage of the fabrication
process 1000. 15 Therefore, the fabrication process 1000 begins with

formatio NOW i : |t f T

| ayers P ARG |l Y ienlbly BERAR G 308 miy Bt Hhdte U
cel | and cantici@de. a Q249 pad)di2D and a eedood contmdt: $e. grenycoptaot/pade 921 doraix amplee
of the foll ow advant ages: 1).. The teral 1D +. 1 st ack of
Vari ous. HEBATERED ROES SToybo PP HFALL OB He D (e GPREFERT g fraple
nei ghbourdiagidaty | shupledtto aths Gop NET BESRE0WHE 90U MRBLHBY chiiisdt 6B Mgy tHae
di ode area, without penalty on the 1D + 1RRAM unit area. (2) Silicon

(Si) Basedecticglrsowplpdio aHut hngyMalsk angethe seeradceontast P22 mayHegeiectrically
fabricati A I r lc..especially over netal

| ayers (éggl?l%ﬁ?é‘?&%%“%ﬁ?‘@f?éﬂ% %%grllgp$‘§%§&hr% Mpst ack zf vari ous
enbodi merf0202jdkesntegrateld Fegixvys indnery oclf 880 nep fiettet glelyde mfthirdrege st (e.g.
Si - based di ode w t any.da e to, the pre-exist] structures

The ot oo RO Y PR e S & kel Bl LROGR bl il 4
i mpl ementigéaidivhRGtrhay ¥ foRaet ordbr dwRE HRIHEsiRftiod Myler 961, lang kzt@ndih@ through

contrast, conventional devices may enploy additional transistors to
suppr¥ss RET I0IH theouhraicE & PHhhand clpabisally peppied tpghe logisrcirgyit 909. The

I ncreasi ng; 4 Q&lt&g\éhg gncii{h%‘"fourtl‘g %&a}g%% Bt Fég.gécﬁgélwret cﬂ'fcal\f?&gﬂ)'fb%l tRB

enbodi ments nay provide nore to contro e areas of
and 1RRANpsEptaraiml ynd a gate {ehinthef thaGérfahanbBire tbRI#M. st ack of vari ous

enbodi ne rpvi des a hi gher. potential for high density I
Saao oD AR 1St 8P iR B bt sl Ty S 208, B
[ 0210] Wiohgact twg.imf\mm:d;mmhaso hee nhg addohd ubﬁtﬁ&tY(estQWBLaf@tai@S%?i bed
with reference to specific enpodinents, it should be understood by,

t hos elskillpe@ted s onerlapptng thatheraltisberdd bp apryexates thab ey apry RectrEmBediiy
be made thefig] DeikdROMd SRRAThE Rond HAM TR RRIEdL AR @?@?ﬁéefafreskﬁ'@ a

invention as defined by the appended clains. The scope o
i nvent i orsoiixse dlinet Whes réfendgnesanemendly 90 He repperendesl valrdiling whide did reféramges

\z;_w:lec{] hg?g}%gl\r@g}l :@'r(])?(:e %]eh geégrﬁ%a)‘ H{gg&gﬁ%?pgé Zj;gled Qis. ‘?8%&&46‘&% e %ogfd l}eha%plgelc%%eqs
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 nanow re; and
5a resistive nenory 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 |l ayer arranged on at | east
a part of the resistive layer. 10 2. The resistive menory

ar r angemggh 6'“]‘lS Céa%h mgrefeléfké%ﬁinsmﬁ £l 5&1&% nEa?‘oo\éﬂ 4E Jlg[@(li gover the

Iongltudln axi e sur ace o nano
arranged mucmmzsﬂ’maiaaﬂvdt@hlnyamrmttbmbd el parpdidhepaskivation layee megdtes

the longitudinal gxis. 15 3. The resistiv arrangenent. as

¢l ai med (TFEYS ) 1O Ghar RASVEHE RO YEhAS PolgRRE (iFhAFEian; € Bend
wher ei n alanbRRs 100 ROTHel PBstRfte 100, RERkBITY RiybaY&llowed 187 4 acsmdmaerrayé}d
the |l ongitudi nal axis and at |east substanti al | y surroundi ng the

nanowisr e.may henThe depesitsd (¢ araptitty aaptruchgentlff may dieapbiaiged.nhaing @
3, whereif %Pattlgﬁ?a?g 11%09%&5&1991;12& 1172 2 PR IMRHL YR lliiéeﬁ'ilé s arranged

at | east y Surroundi he portion of t resistive
| ayer. [5207]'rTé1erxe$stsxte| Mgernhh’mrqndame a:ng@wame lgsr dll &6 nmad benpatteaiedh Shd

SRR M AT MY TN ENCHE 06 N
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 + 1RRAM 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 nenory arrangenent as clainmed in claiml, wherein
the nanowire is doped. 30 7.The resistive nenory arrangenent as
claimed in claiml, wherein the nanowire conprises a sem conductor
material. 8.The resistive nenory arrangenent as clained in claiml,
wherein the nanowi re has a dianeter of between about 10 nm and about
200 nm 5 9.The resistive nmenory arrangenent as clainmed in claima1,
wherein the n t e . 2
o o The%e\s% ﬁp\l}gﬁmﬁu&‘%&% of v%mps grslé%g @PQﬂu{n&% dﬂeiﬁj‘i‘ff&
further corrprl smgoﬁtm‘.lubeireat(ﬂ’ mmﬂumm ste;bnmtalaznow re extends

nmonol i t hi cal | r ive arr.angement as cI d
inclaimi, @rfe‘b%laf% ﬁg sﬁ@i’& é@“ c%?@%gﬂ?ﬁt? BrPVifles aa igher
peripheral portigfiedfal f?a5dh &A%Y, 2R 'aﬁ;b'a)dd§ﬂé;{191% oN@ntrBEthe Af s of 1D
portion, wherein the core portion is doped with doping atons of a

flrstSConductl\HQQﬂhERﬁ&ASNW§Néhh t he peripheral portion is doped wth
dopi ng at Wmifs tﬁg‘%ﬁ’&gy&ijﬂéjsu&e%h gxhﬁ%ﬁljaﬁwﬂc?m g é@/@%e% Witk P&g%ﬁ&e%d

conductl y]type i'S different irst con |V|ty
speclﬂc embodiments, it should be understood by those skﬂled 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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12. The resistive nenory an-angenent as clained in claim1, further
conprising a second conductive |layer in between the nanowire and the
resistive layer, wherein at |east 20a portion of the second
conductive layer is arranged around the |ongitudinal axis and at
| east substantially surrounding the nanowire. 13. The resistive
menory arrangenent as clainmed in claim1, further conprising a
peripherghy Apygr in between the nanowire and the resistive layer,
wherein at least a portion 25 of the peripheral layer is arranged
around the longitudinal axis and at |east substantially surrounding
t he nanowvii.r e, Angisgvenmemeryanoydnant cempkigded Wi t h dopi ng atons of a
first conductivi tg/ .t%pe wherein the peripheral layer is doped with
dopi ng atons GfaB°%E 3Rt conducti vi ty type, and wherein the second
condugti vity tyRgstive ntHnidrfe@ntodigidmgt he first conductivity type. 30
14. The resistive menory arrangenment as clainmed in claim13, wherein
the peripheral | ay@éresisivgliysesomprifnges reistiverivagiag mateialt Weergjp glilsast
consi sti - Sid - ! - i l.oy
hor cof . paopyf HEXHBELTRE | nfed dveing B AR U Ao ANY oPlog
wher ei n trnasowird;@audi s sel ected fromthe group consisting of nickel
suicide, titanium sil icfi de,1 cobal t sui ci :lie, ni ckeiJ - pl at i.nulm sui ci de,
ni ckel germani de aAGONTICHET LAyl ATane) 9 4t gt a Pajleol thytesistivg layer o
menoryy arrangenent as clained in claim1, further conprising: 10 a
first peripheral |layer in between the nanowre and the resistive
| ayer, wher ei hgtresigiysmemery aftapgengnt ahelafmedsin ghapy prweasin | thy pgnowdre
ar ranged 3t QUi ARA! LifliviRteit HleSsifile B heRBowIHPR! ARhEAI b least
surroundi ng the“nanow re;, an

substantially parallel to a plane which intersects the longitudinal axis.

15 3. The resistive memory arrangement as claimed in claim 1, wherein the nanowire
has a longitudinal axis, and wherein at least a portion of the resistive layer is arranged

around the longitudinal axis and at least substantially surrounding the nanowire.

4. The resistive memory arrangement as claimed in claim 3, wherein at least a
20  portion of the conductive layer is arranged at least substantially surrounding the portion

of the resistive layer.

5. The resistive memory arrangement as claimed in claim 3, wherein the portion of
the resistive layer is arranged at least substantially surrounding a partial portion of the

25  nanowire.

6. The resistive memory arrangement as claimed in claim 1, wherein the nanowire is
doped.
30 7. The resistive memory arrangement as claimed in claim 1, wherein the nanowire

comprises a semiconductor material.
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a second peripheral layer in between the first peripheral |ayer and
the resistive |layer, wherein at |east a portion of the second

peri pheral layer is arranged around the 15| ongi tudinal axis and at

| east substantially suntunding the portion of the first peripheral

| ayer, wherein the first peripheral layer is doped w th doping
atons of a first conductivity type, wherein the second peri pheral

| ayer is doped with doping atons of a second conductivity type, and
wherein the second conductivity type is different fromthe 20first
conducti 8.ty tRhpeesistivé.mehiey raeangimene agrelaimied iaral@mge metatreia she hanomixet

inclaiml, further .conprisin transj st having a first
source/drhéﬁﬁd{a&qﬁrﬁgg‘?twée%é’@&}ﬁﬁ%ﬁ? él?‘iﬂtg{)(}umperm nal and a gate
termnal, wherein the first source/drain termnal is electrically

coupled to the resistive 25 nenory cell. 18. The resistive nenory
arr angeméht adhelredistvd mamasy smgngemend apelasnadginglamyl, ayhargin die nanowire

reSiStiV%m??ﬂ%%%uﬁ%kﬁﬁmﬁ?ﬁ&ﬁqoﬁﬂ%ﬂ&dgﬁﬁﬁbgﬁﬁh other along a | ength of
ac y 0

t he nanow'r e, resistrve nmenory ce npri si ng a
resistive layer conprising a resistive changing material, wherein at
| east a portion of the resistive |ayer is arranged arqund the .

| ongi t udiifal 0P JCAHYCIPCNYY ATAREHAGH 36 i°§1111119d &y Fledn deo fHEher [gemprising a

Nanowi r €;,80d 2GR MHEH th Baro®Rlex @hESNORsitRBalRL | east a part of the
resistive layer. 5 19. A resistive nenory arrangenent conprising: a

pl uraloity of nanow res; and a plurality of resistive nenory
cell's, whar ei r:fh%q‘gsrilﬁt{vgsnllesr}lcl) Y SR e G kin2da i SuiR! £ Ber&iY o0 nanowire
resi stive frenory cel'l's conprises
comprises a core portion and a peripheral portion at least substantially surrounding the
core portion, wherein the core portion is doped with doping atoms of a first conductivity
type, wherein the peripheral portion is doped with doping atoms of a second conductivity

15  type, and wherein the second conductivity type is different from the first conductivity

type.

12.  The resistive memory arrangement as claimed in claim 1, further comprising a
second conductive layer in between the nanowire and the resistive layer, wherein at least
20  a portion of the second conductive layer is arranged around the longitudinal axis and at

least substantially surrounding the nanowire.

13.  The resistive memory arrangement as claimed in claim 1, further comprising a
peripheral layer in between the nanowire and the resistive layer, wherein at least a portion

25  of the peripheral layer is arranged around the longitudinal axis and at least substantially
surrounding the nanowire, wherein the nanowire is doped with doping atoms of a first
conductivity type, wherein the peripheral layer is doped with doping atoms of a second
conductivity type, and wherein the second conductivity type is different from the first
conductivity type.

30
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10a resistive layer conprising a resistive changing material, wherein
at least a section of the resistive |ayer is arranged covering at

| east a portion of a surface of a respective nanowire of the
plurality of nanow res; and a conductive |ayer arranged on at |east a
part of the resistive |layer; and a plurality of conductive
lines electrically coupled to the plurality of nanow res 15and the
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resi stive nenory arrangemnen conpri sing:

nanow r e;layer comprisdsar ﬂﬂaﬁga]aseﬂaesddsﬁrémehé atoep comigtingsifrajlicany gaimdhiude a
changing erial,. wherein at Oa section of the resistive

| ayer is! éﬁﬁ’éﬂnq}’ﬁ{f’é@%@“ya"luqyégﬁ?o a portion of a surface of the
nanow r e; and form ng a conductive |ayer on at |least a part of the

resistive |ayer.
5 15. ° The resistive memory arrangement as claimed in claim 14, wherein the alloy is

selected from the group consisting of nickel silicide, titanium silicide, cobalt silicide,

nickel-platinum silicide, nickel germanide and nickel-germanosilicide.

16.  The resistive memory arrangement as claimed in claim 1, further comprising:

10 a first peripheral layer in between the nanowire and the resistive layer, wherein at
least a portion of the first peripheral layer is arranged around the longitudinal axis and at
least substantially surrounding the nanowire; and

a second peripheral layer in between the first peripheral layer and the resistive
layer, wherein at least a portion of the second peripheral layer is arranged around the

15  longitudinal axis and at least substantially surrounding the portion of the first peripheral
layer,

wherein the first peripheral layer is doped with doping atoms of a first
conductivity type, wherein the second peripheral layer is doped with doping atoms of a
second conductivity type, and wherein the second conductivity type is different from the

20  first conductivity type.

17.  The resistive memory arrangement as claimed in claim 1, further comprising a
transistor having a first source/drain terminal, a second source/drain terminal and a gate
terminal, wherein the first source/drain terminal is electrically coupled to the resistive

25  memory cell.
18. The resistive memory arrangement as claimed in claim 1, comprising

a plurality of resistive memory cells spaced apart from each other along a length

of the nanowire, each resistive memory cell comprising
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a resistive layer comprising a resistive changing material, 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.

19. A resistive memory arrangement comprising:
a plurality of nanowires; and
a plurality of resistive memory cells, wherein each resistive memory cell of the
plurality of resistive memory cells comprises
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 a
respective nanowire of the plurality of nanowires; and
a conductive layer arranged on at least a part of the resistive layer; and
a plurality of conductive lines electrically coupled to the plurality of nanowires

and the plurality of resistive memory cells.

20. A method of forming a resistive memory arrangement, the method comprising:
forming a nanowire;
forming 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

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