MEMORY DEVI CE HAVI NG SELF- ALI GNED CELL STRUCTURE 5Rel at ed Application
This patent application clains priority benefit fromU. S. Application
No. 12/ 36 awe2bivfwizesl 6 February 2009 which is incorpor @cadishemnseazsby
ref erence. Back2round 10Conputers and ot her el ectronic products
usual |y have a nmenory device with nunerous nenory cells to store data
and other information. A conventional nenory device is normally
formed using various fabrication processes or steps. For exanple, one
or nore processes may formone part of the device and one or nore
addi tional proceSSESORY DEVIOE 3OV ING SIDEF-A LOG NEDCELISSURVCT®RIRE-UT t her
processes may al so formfeatures that connect the parts of the device
together. If5the processes are notrRed&gdefpdlidavord| anned, devi ce defects
or poor device performance nmay occur. Brief Description of the
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havi ng a nenory e n .enbodi

of the inventi 01r1f)%6r7%¥5 He&?é“ba 0 ﬁ%@swmél I%rn{’?rg?m &;ﬁeé‘?‘}%m Eefe&?né%r am of a
menory devi ce having a nmenory array vvlth menory cel ls having di odes
and nenory el enents, according to an enbodi nent of the invention.
95HG. 3 shows a partial three-di mnensBagker®id) di agram of a nenory

devi ce, accesding t 4
shows a vi e&/)vé of the(i’:r(r)eﬁ'ﬁl)&[gia e&\)/tlﬁ%gkg?gnﬁé%S}ddgg%&ﬁ%g#egg}%og%&ik%

f eat ures. with numeg4@s n@ﬂ@h’r@ﬂfg‘h sprodatakgd stheninfornetien.sés of f orni ng
a memory devi ceuondQaeeRALAbadelie: SRofaROR: uf Vatdie cdoRuBBA T O,

FIG 17 through HG show processes 0 ormng a nenory device with
conductive mat eH’I‘PC&FS% ’érrSFPm:I I eypate. gt e rofogrespnyy Oah pae peft of he

menory device, @CGRHHIATodeQr HareSRAGAERLesQ nlad Bork KGR AR of the

15  device. Further processes may also form features that connect the parts of the
device together. If the processes are not carefully planned, device defects or

poor device performance may occur.

Brief Description of the Drawings

20 FIG. 1 shows a block diagram of a memory device having a memory
array with memory cells, according to an embodiment of the invention.

FIG. 2 shows a partial schematic diagram of a memory device having a
memory array with memory cells having diodes and memory elements,
according to an embodiment of the invention.

25 FIG. 3 shows a partial three-dimension (3D) diagram of a memory
device, according to an embodiment of the invention.

FIG. 4 shows a view of the memory device of FIG. 3 without some of its
features.

FIG. 5 through FIG. 16 show processes of forming & memory device,

30  according to an embodiment of the invention.

FIG. 17 through FIG. 24 show processes of forming a memory device

with conductive material formed between diodes of memory cells of the memory

device, according to an embodiment of the invention.



FIG 25 through FIG 29 show processes of formng a nmenory device
Wi th recesses having different sidewall materials, according to an
enbodi mentwofzetofe128hvent i on. FI G 30 through FIFGT/B2019l28863
processes of formng a nenory device 5with epitaxial silicon forned
before diode formation, according to an enbodi nent of the invention.
FIG 40 through FIG 49 show processes of formng a nmenory device
W t hout form ng epi tFGI Bl thrshdh TQIRK shol gFotsels @ RSmBE a hidoRRIEDkY

devi ce, according to an errbocg' nment. of the 'Ltilventi on. 10FI G. 50

t hr ough FI G 58“’8‘?1%?\9\‘?5?)‘3588‘8%% ergRt SYEY H MY aSTBIRE (iR Lofinent of

conduct i ve nmat ethé &lventi®hrul t aneously fornmed over di odes and between
di odes of the nenor ice, ojding to an epbodi nent of the
nventi on. Pl 4038 RGOV oot af TR aR SR ST y
devi ce i ncl ufli ngitlaefmimxivirsilicorefolmedte oo dodefointution aerhingitoent of t he

invention. 15FI G, G0 sh .a partial 3D diagram of another nenory
el By

devi ce i ncl udi ng" UOhiccording to an embodi ment of the

i nvention. Detail ed HBgsiOnhpighdhG. 491skow proshisasf orbing e knethoggiesioe of a

menory devi ce 100 having a.! [ array 102 with mory cells
101, Accor di ng Voo oangs a AT e frla® fiesbr B MebengR) el < 101
may be arr angedacceording wsangndhodiokntw e &bvomtgpni t h conductive |ines 104

(e.g., wordlines haw i gnal t hr ough and conductive |ines
1667 5. oo 0T | nadhdSom Ao NaShdy pRHd R OE R ARS nGRRRNELYE 10
100 uses conducvitllveentlictiesmi@rdalesidulcoemsie foruned byen éisdés@6d bapweenanst er

information to C Row de er. 107 and

col uim decoder %g%s rgiétgéefnglgb gglgﬁﬁ Eeéé%ccgﬂldgn%é%%nl%go? w}egtucg% AXOn Y i nes 109
(e.g., address |ined)Gi58 siwtserpaitnb3 Wiagramwe aoeyoyeaklise indidiag® t o be
accessed. A se {fier. ci ' ; ' .10 determ ne the

val ue of infor gétg}logp‘%ﬂégécfg#d}n ﬁ%g%dé%%broéaj%g @Keﬁh%ﬁtéé\nd provi de the

i nfformati onlin the fp.MOshovesiagariak3l diagramdfienoihgembierg devi@anclims e

30anplifier ci ringIL?l}&gl,?&?ﬁ%%ﬁg% élﬂ%dﬁﬁéﬂg@t}% iMagapductive |ines 106

to determne the valle o mation to be witten to nenory cells
101. Menory device 100 includes circuitry 112 to transfer information

bet ween menory array 102 and |inep.fedpescrifb@ | i nes) 105. Signals
DQO t hrough DQN on lines 105 represen
FIG. 1 shows a block diagram of a memory device 100 having 2 memory

20 array 102 with memory cells 101, according to an embodiment of the invention.
Memory cells 101 may be arranged in rows and columns along with conductive
lines 104 (e.g., wordlines having signals WL0 through WLm) and conductive
lines 106 (e.g., bit lines having signals BL0 through BLn). Memory device 100
uses conductive lines 104 and conductive lines 106 to transfer information to and

25  from memory cells 101. Row decoder 107 and column decoder 108 receive
address signals A() through AX on lines 109 (e.g., address lines) to determine
which memory cells 101 are to be accessed. A sense amplifier circuit 110
operates to determine the value of information read from memory cells 101 and
provide the information in the form of signals to conductive lines 106. Sense

30  amplifier circuil 110 also uses the signals on conductive lines 106 10 delermine
the value of information to be written to memory cells 101. Memory device 100
includes circuitry 112 to transfer information between memory array 102 and

lines (e.g., data lines} 105. Signals DQO through DQN on lines 1035 represent
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information read fromor witten into nenory cells 101. Tines 105 may
i ncl ude nodes within nmenory device 100 or pins (or solder balls) on a
package whepetmwwnosy devi ce 100 may reside. O her devi ges/wsztenesabs t 0
menory device 100 (e.g., a nenory controller or a processor) nay
comuni cate with nmenory 5device 100 through lines 105, 109, and 120.
Menory device 100 perforns nenory operations such as a read operation
Eo read inf o][ rratnfcxdmatfdh@mdmnn:rr)wn@zeﬂl In%o nkéhorfBélls aODI'IQﬂfqamnﬂﬂm@lﬂ&f a§| on
sonetine referr tg.as wite operation

i nformati on mt‘i';eéI W@P@“@@Pwékf LU0 gr ﬁ%??ﬁ%%hﬁgbﬁﬂ Vgifﬁmﬁontrols
the 10 nenory omaﬁaw@ﬂee loe sRd raide COﬂlEf(ﬂblwch Ralasto@enldnn@sicd 200
Exanpl es of the contr ol gis on |ne§ 120 incl.ude gne or nore

oalﬁ

clock signals afd8eIFEImss CLOLAPIPGGHCE 213K CHHIEHCSOEILF BN (e.g., a
progranm ng Hr deeird 10p@rcagh ey 105 00, ynde20i ce 100 may perform Qher

devi t I
cont ol or) may. contTarod s TEEr bkinfeBr SRR 15 o

lines 120. Specédetadov@lremdisnfofmation ot inraibhyomrilof01tahea piogamhsngon | i nes
120 may produce_a 0 read conmmand) that
causes nmemory de efaéfél%aa{“ge rﬁ%?? [Br?f %ﬂ eé’P‘Frétgoﬂ‘gg?cPr‘?ﬁja Srfory Oper at i on

(e.qg., progr ammfogmnronm&adlemmrcansl 10h) A nzaely ahiroiennnys eelrbis 01 may

be progra nf or ma |on 9 resent i f a single
bit or a va :5ue o?lﬁ ?er SN %as? SSGER qs‘% %lwe]mteﬁpg)e%x?’gﬂ?s Ofg anot her
nunber of bits.coRgol sgmdsrpri knes é2{rihclode ame nomyre clobl sgrihﬁ]anamyerbgnals
programed to s > ] I ( epresenting a hinar "0" or
"1" of a singl etggl{d?‘{ale%h?%l%yﬁ@% @éfﬁ?ﬁ Oeg?anlle%%%%rf d el%uon"i o ntOIéy 101 may
be programmed td&vst tbemiydedematQher dedprsesemal tnglealowaleuee UJO (mpltiple
bits, such as v ' and
"11" of two bi Oﬁ?ceg%{a&gafq{wm&i(&%gﬁéPl%)?yeco\%g(}ﬂﬁ%s\ aglgf)%[ [he QDB%T Slgga'lf)l
"011", 010013, oniipes 120 ﬁm@iflcam;{les qmmmbmtiqméﬂ'@fblgmlhmhwall@ssdyof

anot her nunber d LE Rhfiabd [ [yes a
supply vol tage, I% ud‘":"né sgp%ﬁi}'o% munég? g@%%oélﬁﬁ%\(}g@a%%% {ﬁ&%%

lines 130 and 1@21Ce H&stp eerfinnel cprresgonsirieymarnsiny ergention (prealpr@OmVsiss amy
operate at a grrgmeﬁg&gntl al (e.g., having a val ue of approximtely
zero volts). Supply voltage signal Vcc may include an external

vol t age supplied t o Eagvalmpngedeiiel O garytbe oragemmed testora infgroween sour ce
such as a bajteg he @i At 8f mﬁgw&r &Lhr\faﬁl@Bf ﬁlaugl%ﬁ&&m%n(vs%eé AC- DC)
converter circuitry. Crcuitry nmenory devi ce

i ncl udes a sel €fetr @jangiiptnunbg of higs- 56?1” meb‘«/ ‘@9‘! pluneniary gyls é@lrfe‘}w he 116.

Col um decoder &Qg?iarﬁﬁlzﬁt%fs!o)/e‘%hﬁbmﬁ‘ﬁﬁoh Y%Ire‘é‘éqtﬁ@@h%ﬂyQalh@'(}?’légh"%F&”
signal s based on the AO through dress S|q%na s on |lines 109.

Sel ect circuit Singdy Giedpanoger ?’@“@Pgﬁ?ﬁh of ngmary ¢qhls dlgnasSEipiogramEed ect

Sthe signals onocerdHGiHA(SN febf&%trﬂ@@v@l%f bRiplead, sﬁ@ﬂfs%ﬁ@éﬁfoﬁrhe
information_read from or &b '§ﬂ into rrermrqy cel ['s 101. Sel ect
n i

circuit 1157%e|RostRe yalgess s th %’Sﬁﬁhé’ﬂwl wesfdggramidle113 to
provi de comuniyagks @nobegoreeniomewpry @or, 250110212k 419, 64 seuft 116
during read and uPr ramm ng oper.ati ons.
er values of another number of multiple bits.
Memory device 100 receives a supply voltage, including supply voltage
signals Vcc and Vss, on lines 130 and 132, respectively. Supply voltage signal
30 Vss may operale at a ground potential (e.g., having a value of approximately
zero volis). Supply voltage signal Vcc may include an external voltage supplied
to memory device 100 from an external power source such as a battery or an

alternating-current to direct-current (AC-DC) converter circuitry.
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Menory devi ce 100 may include a non-volatile nmenory device and 10
menory cells 101 may include non-volatile nenory cells such that
menory celWwe 2ddi9vmay retain i nformation stored thereon ptharks200e363
(e.g., Vcc or Vss, or both) is disconnected fromnenory device 100.
For exanple, nenory device 100 may include a phase change nenory
devi ce such that each of nenory cells 101 may include a nenory

el ement having a mat@fchial 1{BofinomEPavee9emintiades hBc1bRLiesiah 3 ajdknWhi ch
at |east a portjon

bl e rtlo of the material may
be programed t‘SP'H’é’g@’B‘g(pPégmﬂgH%hE‘B“ %‘?‘F@éog)o*émﬁé’éﬁ agiityages thent
phases. The phasm) tm@ugu sm,nts@alabﬁsew&{ @k D rﬂﬁo@h@@@a&im $idhails®n
soneti nes referﬁ stalline state) and an anor phous phase

a.cr
(which is sonmet eSFEFtrcéer{U S ASPAs ienak SESY Lronel PELERsHleg s
menory cel | s510the H@Jydlshﬁh\kﬁntﬁlcﬁx%iin&t WGed 5136&1@ rt%ﬂ:s&@ﬂié%ﬂ”@@ﬁdbrﬂﬂdd 0 a

resi stance valu when t he D fferent
resi stance val u ﬂ‘h@fogrglﬁ?lgg ‘X‘iﬂqﬂf %etnéi? %ﬁré:érc‘ﬂif 1]|5r??]8?t?1'§?| on

programed in edghlsoh comnmivy liael 106 adkOh 3 to provide daiMinjcat@Micted 00
perfornms a programﬂ ra n. whe recei v e.g. froman
external proc eslgg}lor& @gﬁﬁ 985’6?%%13? (ing I‘éadﬁP‘gEfi"é'ﬁWﬁ‘H& PERLY nand
and val ue of i nf or mMdn@fiy devich @ O(phogihaiiEthonoRtiRNENREy dice af

The i nf or el o ar ) THLOFERCRGE i Bl SR HoRC De e el TS Tor y col |

to cause them t@llhmzlem@patmpmfmata&orr mmﬁ]amc:e\wmlpu%r tQ. Ne@me\&enir t he
val ues of the i tion ogni ze

t hat nmenory devé}’cﬁ s OnneCteé%%% it mo{‘ft‘Jr%lce @a?&? %mpli‘?a'flg”é ?1‘% shown
to help focus OH)Otnhly mulmiedlphaat}mngkes@norbédndaenmth\at each of membdyrellsy

devi ce 100 i ncl at are simlar
to or identical HH%? ﬁ[gggeég]seglﬂyee ! p'l‘avwg nf%"na 8lhacgg?“(‘) AlG 2

t hrough FI G5 49mthridﬁm Fhighetisasea patidn (ak.. popematible poinalgr(xﬁmemfatmmenor y
device 200 5 h C 201,
according to a%%@g?gﬁqﬁé&&? "L%a%\(c}éln ? Oo‘%lglq %[W@%h}{ﬁe %st

i ncl ude phase chwmpgsesmapingludeed drgstalliviepbasy (wlrictaly scﬁﬁm:magcfm@d to%[aond to

arranged | n'r o SUBE Gic) e AmSASNG e Tl o RIRE Mr G SR 205 ©
havi ng signals W@hOW_Slale)aMWBIBIIJ&WGeH&)lOdomauﬂnn@ mﬂslar@ds_lalu and 242

along w th spndiehiuesild B8SeshiBle BL2.
Each nmenory cel | 81 rlnagyt i n%sﬁ g eihggf%hﬁ#ﬁ)ls% Vel ement
299. As siPisgient rsigrng: values ayy rppm%@xuélfﬁwctﬂmawcaofgnfompﬁtlolﬁ di odes in

t he same row ( epr%mmllhgy\{n%ig)ofh{aﬁlbgdﬁﬁs @pe diode term nal coupled to
t he sane conductive |ine
Memory device 100 performs a programming operation when it receives

(e.g. from an external processor or a memory controller) a programming

25  command and value of information to be programmed into one or more of
selected memory cells among memory cells 101. Based on the value of the
information, memory device 100 programs the selected memory cells to cause
them to have appropriate resistance values to represent the values of the
information.

30 One skilled in the art may recognize that memory device 100 may
include other features that are not shown to help focus on the embodiments

described herein.



15(e.g., the same line with the signal W.O and anot her di ode

term nal coupled (through a nenory el enent 299) to a different
conduct i vewbizom/oareehg conductive lines wth signals BL®CTBISt108r363
BL2. Di odes 211 may turn on (e.g., by using appropriate val ues
of signals W.O, W1, and W.2) to allow access to nenory el enments 299
to read 90 information (e.g., neasure a resistance value) from nenory
el ements 299 or proQi@mry Mv@i:ﬂﬁ@in@]ﬂddsﬁﬁﬁomff CYs zﬁhﬁféﬁlﬂh&cﬁﬁﬁ?t(a&,) g.,
causi ng nenory el nts 299 to have speci fi.c resista val ue). For
exanmpl e, a pr og?”élﬁgﬁﬁ%&r idpuralq %Weﬁwg%g’?&?wavﬁ&rrﬁgFP%ﬁtggﬁlzd@ "§
signals W.O, WIHIG.end W.2 to selectively turn on diode 211 of a

sel ected 95nenory c 1 and then apply a current . g.

progranmm ng current Jf"hq‘rzsg%%a%m%a&@@f‘@g ‘?YF@F?B} aéP"@f‘Péﬁ‘F‘*"%@@Q)f t he

sel ect ed nmen®r yhaviilsla mehioey @tay C@Nincladitg Memaidy ckIBE9, sdcddding foan of t he
material of the r | ement .299 to heat . Afte he materi al
heats, the prog‘?’n%h%t %ﬁléerlg‘fe%?{" ifkf]]b%ce?]ﬂgbjﬁﬁ?ye?’flﬁcﬁe @BSng%ﬁgﬁl y cool .
These heati ng amemagotilsniylecaotyi ang 20machangend toendalvasara9 102 SEFIG.
material, such as,30 fro grystalline phase before t)tg(g ogr anmi ng
operation to anﬁa%srlﬁ %ﬁ@ [éh‘aél emgfytcéa’;ls ﬁ%earep@(?ﬁegﬁ?ﬁoﬂ’ﬁ“ 3%{‘19‘% The
phase change ne332hing enitecaidotieve (iees@04 hoiaysiynalg WIOWLANadnBLD Aol s
phase to a ¢rys i.ne, Bhase i f ferent ases of. the mate may
cause sel ec@ed %Z‘Jﬁ%nrsyg%l'gﬁ;arﬁ%z 7gye z?ﬁ’/nedBC f ?‘ Lesip Elavﬁrégssﬂ%‘?%;@b’

st at es corr espobll, agd BI2. diatl meworty cele 3l Isbagricdudealdicels 21 Windamenmey espond
to different val ¢e§]t9d‘9the information that is being stored in the
sel ected nenory el engEnt 299. In another exanple, a read operation may
apply appropri ate vaissesvitip FE3.i epalatlioddNi@yin ¥\E&xopp afittlod?d @ theosame row

sel ectively turea.(ggpogsﬂmgﬁm 3 L d@dft@{,IﬁQgIQ B aqlga{eclgncj%ng%ﬁglg then

apply a current ead current roug &
el ement 2991%f (elge Inghoelinedvieghosignab WILD) anfflasother dipdopeniatlicorplainy

measur e the I esushafGdlon! dendR) o LltreRBSRARR ik LEad VOl t age

generated fromthe T eac rrent to determne the corresponding val ue
of information endckee lings whesigials BIEpBLbxatBL2, in each of nmenory

cells 201, a differegplet @ﬁilﬁgyafm%n\/@é_}%nugﬁag a@{%ﬁa%ﬁiﬁeﬂéﬁﬁfg%@nt val ue

(e.g., current or voltage val'ue) on Si BL2 when
the current pas%e8 WhlongWlikiemtlgw atcespep memonygleneniydp® ©ir¢adui try of

the menmory geviigRnhfiod (o.g. GhdaGit b r3iGReAamby b nbabty blemtfs 8o & G 1)
may use signhals BLO, BL1, and BL2 to neasure the reésistance val ue of

menory 15el enerfiresrag gferpagen istompamery Hemepg) 298 (oF-» apsng drsryralemens

The current usemho@iiidvPd specifiedddisQR& afuepn My have a val ue different
fromthe current used during a progranmm ng operation. For exanple, in
a For example, a programming operation may apply appropriate values to

signals WLO, WL1, and WL2 to selectively turn on diode 211 of a selected

25  memory cell 201 and then apply a current (e.g., programming current) through a
selected memory element 299 of the seiected memory cell. The current causes at
least a portion of the material of the memory element 299 to heat up, After the
material heats, the programming operation allows the material to rapidly cool.
These heating and cooling actions may change the phase of the material, such as

30  from a crystalline phase before the programming operation (0 an amorphous
phase after the programming operation. The phase change may be reversible
(e.g., changing from an amorphous phase to a crystalline phase). Different

phases of the material may cause selected memory element 299 1o have different
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progranmm ng operation, the value of the signal (e.g., WO W1, or
W2 in HG 2) that creates a current flow ng through a selected
menory el ewenb1adResd0may be sufficient to cause the natrmy@koiofhass

| east a portion of the selected nenory el enent to change between
different phases to alter the resistance value of the selected nenory
el ement based on the value of the information to be stored in that

sel ect ed menor yresibtedve Bads cdridsfandifgcd cﬁmﬁérﬁfek@lﬁncetvﬁﬁcqy &hide c@fespone
signal (e.g., t hat creates a current

W1  or
f1 owi ng 95t hr oﬁ%ﬁifg@éf’%ﬁs 8%%%?5?“%& %W*“ﬁé@mﬁé%ﬁ BEIRHAIEBht to
create the currdahenops9.i nsufficient to cause any portion of the
sel ected nenory el enent .to chang tween different phase so t hat
the val ue of the ing'g?rf?ﬁ}ef%ﬁmgfoarlgﬁf pﬁrapﬁlélng)équ@tagaroyﬁréa% *8l%nent
may remai n ufichdaggedvim Wltnemcﬂwm Opereaﬁ\ie@ﬂurnlvﬁﬂioﬂu 211@%&1&[&101 of
FIG 2 may include ne mar to or
rerory col 15 aeenTBEa e BEE el A Eruite b et Bredf s e &
49. FI G 3n1e1hasr@ulgimeﬁl’>® ofiBe @ﬂmwi smmaryfcemt 'llfeesadtdpal’htu&nﬁayt he sane
or simlar. Thu for SI

r| 18 | for the s or
simlar featur e%leﬁsﬁre o8 anf%mlt% Iﬂelﬁrﬁ:e ﬁﬁ ﬁ%ﬂFV léag? é‘ff'glaf‘?egg. For
exanpl e, this disgtheptadomranaiy damtmmemeadirrdsﬂstadldgsﬂﬁa gitinformagibn ibved sane
o ! SELHLER, BOPNG0S, DETR Yedey L RonE O Ll Sy ou0h
500 (FIG 5 thrm@bgho'ﬁdie(a diff&pqt vnbmfarg/ cdeerit oevoli7ge0ralubi@n sighals BLAr ough
FIG 14), nenor i - t devi ce
3000 (FIG 30 t%%ﬂ%%ﬁ% ‘@Q‘gﬁ%°,Fh§’r{3gsr§r%sn'%{°§éf’gg‘i}l%c§%e1§‘3%'ﬁs TR ey
through FI G 49gircuitry of the Fie@ory3lesiho(e.. airpatrsbéheds I/mutdmagrﬁa:rﬁfﬂi 12 menory
device 300, accarding.t0s g, 8rPogdh %T,gEoSlggasﬁr?}vﬁ] Ir%}/s?a%é Al oMHIRE

devi ce 300 includes a“nenory array y correspon
menmory arrays 10'26176ﬁfntblﬁl9@it0QﬁteammemrmhyOﬁethtﬁa@r@@@ﬂof FIG 2. FIG 3

al so shows an Xx-dir gt Ln Red dlgﬁlgggéagggbuzﬁﬁﬁ Bﬁgq%\ﬁlﬁl\@fuRh(ﬁe}e Etrom

x-direction, and a z-direction perpendi Irection
and the y- di r ecth @Wenwléﬁﬁll}'lﬂﬁémoeéﬂmmg oparztiord dr epampleyingel | s 301

arranged in r 0 §91'111 %%geratﬁﬂdﬂlggﬁué (Qtﬁerl%nylu(ggr R30! W1 354y 1 Il?}urms

340, 341, and e x-direction. 15ITs tion materia 70 is
formed between W@v\%) L@@ereal%aicmawos@z lbfﬁughﬁs‘ﬁle@tﬁfémtﬂh@yﬁbmﬁmﬁ%el s in

one row fromy t hgayRBIkierh l:z?usé e ARG 10 2 ﬂoﬁﬁy‘dlo@ﬁfegﬁedmt erial 371
is formed between 340, 341, and 342 to insul ate the nenory cells in

one col um f r or$HEFH Figmens i dhangs bspveehdiffcispinhmms tOWB‘FﬁSIP%/T cHgincg vawl | n

rows 330, 331, sk s@ﬁ&ecﬂiﬁé’m@g cRRERIMaRd LR 1R OgRNGUEL 1h%%11£tioa%§be304

t hrough conductive contacts Menory cells 301
stored in that selected memory elemenis. In a read operauon the value of the

signal (e.g., WLO, WL1, or WL2 in FIG. 2) that creates a current flowing
25  through a selected memory element 299 may be sufficient to create the current
but insufficient to cause any portion of the selected memory element to change
between different phases so that the value of the information stored in the
selected memory element may remain unchanged in the read operation.
Memory cells 201 of FIG. 2 may include memory cells similar to or
30  identical to the memory cells described below with reference o FIG. 3 through
FIG. 49.
FIG. 3 through FIG. 49 show some features that are the same or similar.

Thus, for simplicity, the description for the same or similar features in FIG. 3
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colums 340, 341, and 342 may be coupled to conductive |lines 306

t hrough conductive contacts 380. Conductive lines 304 and 306 may be
arranged owenromwmamsy cells 301 in the z-direction. Conduatyszeioltizes

304 and conductive |lines 306 may correspond to conductive |ines 204

and conductive lines 206, 95respectively, of FIG 2. As shown

in FIG 3, nmenory cells 301 in the same row (e.g., row 332) nmay

include the samardugh BIG. a) mapfbt®¥ tpaadd) Fol kalnpe, tﬁmdb%g@khﬁ)ﬂyfﬂm
coupled to one of ¢ i nes 304 through a conductive contact

uctlve
381. Menory cel Fgeaégii FRIRY08 Oﬁtaﬁéan&eoqfa?mgz%at@ws aTRORE (hErmesnary deyicss
coupl ed to one @bwaaiEGCS HN@EBQIG ReSsudf niehfogughl llcag%dloﬁm@aﬁ@ﬁﬁycti veOI
contacts 380. FI.G 3 show o cells in _each row an
three menory ce+)r WeIBefy ‘ﬂ"e %ﬂbo g"ﬁ‘?’l‘ngg-[bélry]@eﬁ‘ﬁwyéh'“%g ﬁ&lﬂgep of
menory ce: : s5 30ihrduph BIAL b4) mm@?]ge@aacﬁo«rmmm t{my%\zl%ey'w) nlenéor)é ggch
menory ce 301 ma i terials , 4,
and 3%9 that ar® ¥?g®9&5—ﬁ—g§2 %E(IL’] V@P@Wf’%“}ﬁ Qg‘i@t@'t‘l t he
z-directi on ovethraagisHigs 4¥)at e 310 I'n each menory cell 301, materials
321, 322, 324, and or m. i.ode a d a ne errent of the
eors el 1 e SRS R Sl aP R ulR Bl Tt S R PRERe
be shown schemaztni andboliyheht df ehedin@ s 2/kjn oayndkvive BOY cledes ARRhBry29Qy Of

FIG 2. 10 nSd: Gblch 1amat;[ e ncig) %3211 az?_r ﬁﬁg tg@ Iordrp ato lgast a
part of a di dde’of VASERANERSIRIIE Iy Fen gy fp o ﬁp RS Y 321
may i ncl ude one2R@ilicti VIG. B alsy p@owsang-directichypedisicliengerpenditiearit@l ) and
mat eri al 322 i e anot 10cond Cl.l Vi pe type
silicon mater |mat¥ ?X% Clﬁgn A Cpaz Blrecdon Pet‘?xe” w'?r]%lit%wdéi%x du(wf%rapﬁlg‘?ﬁ east
a part of a di otieciiom. é@ntvm@me9O(tmblbde3®1bmoﬁmense30armh@pd tnhewm:the
and p-type nmat r ] 9

menory cell 30?§1A§]}%hou%ﬁ'{1 Hl}ea (gns%:nd CH]'EJ f%gsn? igs)d((:luasng%é lex d’rec L'fn%)n

di odes, ot h&ry tBﬂﬂécSIODﬁlld@n@lcﬁ@Q is fewed batsze&famws)ﬁ@ K3 ngs! %ﬂ to msulate the
metal - 'mggu' at 0rmaﬁé;rg'ce]ﬂurpgggo@hohlqm&, &sﬁ@ﬁeawﬁogngr % SR eglgﬁsrregg)r/y
cell 301. Mat eriatprigddol lﬁﬁymmhkﬂt\u@e 340, émalaccb@f@no daeulataﬂemwaiory &Hanpl es
of chal cogeni de et & Sorh BEh 1Ulgr%ef@ihgﬁd @.ﬁﬁt have vari ous

conbi nati ons of one or nti nmony (Sb), and
telluride (Te), and Mﬁtnwgrceélﬁ ﬁ@ll i powpe38r33al aod 33mEBdre coxpledibe, materi al

399 may 'ncbdidecoﬂd&:ﬁmﬂ{éggoﬂfm @mﬂmcm éoﬁ%ztssﬂnhg ce<u§ﬁél and

telluride (Te), such as terral include
conduct i ve mmat efoiumsFf, ﬁ4bavcéwsmy\bpwunlqdmwndmwhm‘i%@mgh vity of

materials 321 apdandde cob{a&@gsoalc:o%&fbu@wm@hmnh 64 MEeLCRARKA LM

material with a resistivity lower than the resistiVvity of materials
399. 95The rel abewy gellsglikin ﬂﬂf‘e?sﬁhgetsilm tGpnesetivedines PQdh and pandpetiye fimsuce

contact resi stm%agfcoﬁéaﬁoﬂau@&ﬁd&ms 1iheS 20 PEHRInRYiEBL& o8l S 321 and
322 to inprove elecfrjcal conductivity through the di ode and i nprove

overal | el ettri&wectshatfdiPvity of menory cells 301. An exanpl e of

material 324 may inelugityGRPRLG, &bﬂl&l&@@ls@@l%me&&g&&)ﬁ% B 88|
silicide (e.g., N Si). Qher conductive materials wt

30resistivity |'BREPCIRIFAPe sepe negapls) gxierdingin g yelieeiion andepugladtoz 2o may

be used. one of conductive lines 304 through a conductive contact 381. Memory cells
301 in the same column (e.g., column 342) are coupled to one of conductive
30 lines 306 through multiple conductlive contacts 380. FIG. 3 show oaly three
memory cells 301 in each row and three memory cells 301 in each column as an

example. The number of memory cells 301 in each row and each column may

vary.



M5 4 shows nenory device 300 of FIG 3 without conductive |ines 304
and 306 and conductive contacts 380 and 381 to help discuss details
of menory weern@m®O. As shown in FIG 4, nenory devi cec3aB0mabisches
trenches 315 extending in the y-direction along multiple cells and
trenches 351 extending x- direction along nmultiple cells such that
trenches 315 and trenches 351 are perpendicular to each other. Each
trench 315 is | ocat edcibbmee el 392 nQly iddiRle dEMFRnSRReriab3ibo, NGB2332 Sand
filled with matg,;ial %éﬁ_@ Each trench_ 351 is | ocated between two of
the col umms 34072433 ARG BadTaasy o PUltele layerhViHeewrsta tha7-fireclen shown
in FIG 4, eachoefgabhrdlfiohaseach AeRbd cAB501l Makigs 21dnesii g 39T hus,
material 370 filled in .egch trench 315 maP/ have a thi ckness 345 t hat
corresponds to WBHPAR 3gwde gadamamaory,clpment of he, menjory gef. phg glipdpspng o

z-di recti on. 5 Thusmorfrelegentabt mefdord &dik 801 miy BAGHwH Qhém L1081 1% dichdy have
a thickness 3449thaﬁ5 corre&gondg%o Fgﬁp,)th 334. As shown in FIG 4,
depth 335 is greatdf "PRIH BB X% FHd- t hi ckness 345 is greater than
t hi ckness 344. er?smﬂﬁ%ﬂscﬂl3&()321&1yayablﬁmt'ﬂdaﬁlalpdleotr@adi@:reioaL 317

| ocated at the bottomo rench 351 ang. are arranged in the
y-direction andColipPEd° lgﬁa#grr‘?xﬁ?lgféﬁaifmgggléﬁ??'H“Wécﬁﬁ%?C%‘i".m”l% sone
devi ces, mat eri@pe @17 nge shieoomitiiAthnd HRwewe322 nfal enciude hdsgiepn of

mat eri al 31? in g"?%f tdev' ce ig)o {]ra‘é] reduce.parasitic effect .cIreat ed
frommaterial's SPUETYPRHE S BRRGSTCTR Preval, dbe pLingandp-far Ralsipls

di odes i n the samgeformw least 4 faet of a diodemterdmenivay edllizall. Bk Exaniye, #es0
create a path tgo |nprave heat.dissipation from ry cells 301 to
conductive i netgpg’z%@é)' P &ar%rﬁleer?ayﬁ% IS LR U %@@%ﬁ'&%@ P8+t ance
of the connect i @i 3Bkt Adenginbiveeseriptéinldisc 38 pamjdnaion dieddsi sbeerlypaest 304

to inprove el ect.rical .con vi.ty. between them .. var i ous
processes desc r(lglédeeg"%ggll a%\)’vgr\?a%% hletie }egatrlftl:nesu f L(())I'EF@ digdey prigy GRRERE™ 49
may be usedli o dxdderndiwire noy beformeedoorti on of menory device 300. 95P10.5

through FIG 16 ShowRiOFRRSES Ml { ALY SieRNBIBLY i Gen 300, ,

o
according to an enbodi nent o e 1 nvention. WS
devi ce 500 haviMetenal Sthmny atledss0Balapgdnide nkichle Eranmesioftisl®2éide530,
and 540 T ormed jflo s QY& uﬁe&?fsru?a& fiavg VoS URRALRLR 2B fRord 81 12l 1Y
include p-type sem conductor (e.g., silicon material. Form ng
material 520 nagﬁﬂilmm_dé?)aian@@?m'i(ﬁ@, {rd tgflurid@Qlichphdatbdr mighilanmatygids.

i mpurities b@t OpR ROid, MArefift 399 mal ABBOL Ly dndr gauﬁﬁihmb , 205.
Exanpl es of n-type inpurities 1 nclude an elenent “such as phosphorus
(P) or arsenic {oagpny (Bhlignd ihirde (k). sshes fagySbstesl ude an n-type
sem conduct or mat er wteﬁaimlnqagmaab B6haBANVE hRRriIGHif 2 re @M PR L1 ON)

of substrate 505, which includes
than the resistivity of materials 321 and 322. Material 324 may also include

conductive material with a resistivity lower than the resistivity of materials 399.
25  Therelatively lower resistivity of material 324 may reduce contact resistance of
the diode that is formed by materials 321 and 322 to improve electrical
conductivity through the diode and improve overall electrical conductivity of
memory cells 301. An example of material 324 may include cobalt silicide (e.g.,
CoSiy) or nickel silicide (e.g., NiSi). Other conductive materials with a
30  resistivity lower than the resistivity of materials 321 and 322 may be used.
FIG. 4 shows memory device 300 of FIG. 3 without conductive lines 304
and 306 and conductive contacts 380 and 381 to help discuss details of memory

device 300. As shown in FIG. 4, memory device 300 includes trenches 315

8



material 510, that has not been inserted with n-type inpurities may
remain a p-type sem conductor material. Form ng material 530 may

i ncl ude depo=ntovmegsan i nsul ation material, such as a siddramobasses
material (e.g., silicon oxide) over material 520. Form ng materi al
540 may include depositing an insulation Smaterial, such as a
silicon-based material (e.g., silicon nitride) over material 530.

In sone cases, @méndinkal hd4¢Qiré®osalonghhliifle BelRiahd rSilcs TBY cxedn@RL -
undesirabl e str&_s_s_to materl:ill e320. Therefore, in sone cases, formng
material 530 befHESEN HRgarunlscels e gt Eaghesdls 3d dgrebenid! gieevent
stress to materpapendidblacavsadiey material 540. In sone other cases,
however, material 5 may be omtted if 10material 540 _is selected
such that it may nofi:‘gf:lh‘ﬂ%’éh §]t5r1é GalpdpelieR Py og! tpagwey3Us Fdnanddt
potentigl St § esadrflyd faN MaRAali3ng. gﬂhfﬂ:&ﬁﬂtjlEﬂdg@t@&bét@edﬁ&ﬁ?bﬁﬁ% 520 gr
menor evi ce 50 or, th. S, 1.0 some cas mat eri a| may be
oni ttgd and nat %q(}‘fnéﬂs 3§§§4E€9JE@ apgpﬂgﬁm&e "@E“E‘ﬁ?gﬂon’l‘sﬁﬁ?"&’i“ﬁéﬁo. FI G
5 al so shows aneach dérceG13 lﬁhﬁadﬁn@%ﬂiﬁ&%&idﬂﬁct@ﬁr mgdﬁlﬁblﬂiaﬁmﬁﬂﬂleﬁhe X-
15direction, and z-di,rection r pendi ar to t -direction
and the y- di re%afgg?ﬂcggse RN Fﬁ“‘%l“’és 5‘@&%&?‘@9&’“&%?@%@‘? 3?%%“%30,
and 540 may f or mendh §31ame ntlefita3ldis the @ridedtiay eThuViedter(ad87 10T )ed @N@clOr nor e

ot her layers,in_th -direction, As,US herein, the m "on" used
with res pec? 0t ol n\?\g3§olrm%}ﬁ§e 05?‘?5%1?@ Lgagf%rfesﬁ’ogg%‘?éif?m éﬁ‘é A'Sogﬁ"w’i he

ot her, means atinlRkast, depdniBsdogrtaathdndbpie 83y 4nl ehickatRB3dRisgreaws thhmyer s) ,
whil e "over™ rre%r%lsmetspﬁmnateri als (or layers) are in close proximty,

but possibly w one  of nore additional intervening materials (or

| ayers) such that cohnacy dévieodmhpdle ibclodenatieriabdidilocadtd aiNee bduem " on”
nor "over" inplj ' jonal ity as used.herein unless stated as
Cuch. “95F1 G 5 9 EkaEHsi 6 LRl B8 BB el et

mat eri al s 549, F30f cHRMemandB305.1 M soivigkiiqeg, redteriatd ITmeyFBOnmiteyl. be used

(o BoLLern: o Shoud g BELRSLINEL Y LSTSY P ROEH G, Sl MBI ERal >
form ng nmenory Rpieasitic eff&0Oreatpdirarh owieripln ofliBire comimstivitp ¢ypst retvetenir e 550
i ncl udes a pattgg i : i oF t1.0NS ) [,ngS
552, "Ench openi Ky 2L SpATH LR AEARN 0 RARLERSARR YIS i) JOPSRLLO]
and a | engt h 55xpadxtoanpiovgheaidissipatiqn (iny wemory wells|38 hpt dondBuve Imes

substanti al by ggo@ratpsa&he%, E&gaglaﬁ‘ﬁf $5 0029 93 cdVBS K 1D o Sihd UGhdiGh BfeclBY

i ncl ude a phot oresi st
memory cells 301 and conductive lines 304 to improve electrical conductivity

between them.
Various processes described below with reference to FIG. 5 through FIG.
49 may be used to form one or more portion of memory device 300.

25 FIG. 5 through FIG. 16 show processes of forming a memory device 500,
according to an embodiment of the invention. FIG. 5 shows memory device 500
having a substrate 505 and multiple materials 520, 530, and 540 formed in or
over substrate 505. Substrate 505 may initially include p-type semiconductor
(e.g., silicon) material. Forming material 520 may include inserting (e.g.,

30  implanting) n-type impurities into a portion (e.g., lop portion) of substrale 505.
Examples of n-type impurities include an element such as phosphorus (P) or
arsenic {As). Thus, material 520 may include an n-type semiconductor material.

The remaining portion (e.g., bottom portion) of substrate 505, which includes

9



may be used in a photolithography patterning process to pattern
materi al s 540, 530, 520, and 510. FIG 6 shows nenory device
500 after weovimmysms uct ures 610 and trenches 615 have heanwshanaedsand
maski ng structure 550 (FIG 5) has been 5 renbved. A process such as
etching (e.g., dry etch) nay be used to renove portions of materials
540, 530, 520, and 510 at openings 552 (FIG 5). The renaining

portions of mat ﬁmmﬁdls@aﬂlﬁtha@%@nbc&i?ﬁsen@mdnﬁﬂr%zpemﬁlsuinh@mamﬂﬁwa%at h
maski ng portions 551) rm device _structures _610. Each device

structure 610 h3E® ¥ 08 Y519 ptergly Enpmipgmatrrial f30 Raydneluderdeppsitisnan o

l ength 612 ext eelilftgnnftekifiesu¢h aslOGEdog 6ist O Matetif @%Qﬂﬁ;ﬂag okide) over
substantially great Each trench 615 may have a

bot t om on mat er ?%LF“’% 1‘?6(5 é’r%“ﬂf‘ﬁwﬁiléj‘i@%’taé Halugdspasiingaminsyiatiet j on, and
a length 6175 exin@BailNgcH B dtshleonlbcdéd’ Iﬁﬁtéﬁcﬂ)(bg lspgt Jﬂtrﬁl@yovblsmatendl 530.

substantial ly greatgrrl t han wi dth ﬁé"g) 7 shows rrermr?J/ devi ce 500
after a material PR BReE el (835%1“6’“ n ?OF) BEp 6EME Prgsirablg | |
trenches 615 t ostesso hatefialdeq. Tierdbb,Us bohicaSsed Omlild fmredl 550 meach

sul ati on nateri al ili

other. Material 710 ude i ., | icon

oxi de or ot her ?lﬁtgﬁlwﬁﬂgg@t”éaﬁr UCE Of Prevepl sEess & @ﬂﬁﬁg@%ﬁi’ﬂevi ce
500 after rrat er ingbria 540. hﬂSmiik&ﬁ]i\erbks&ﬂ&éW@@ﬂma&ng 530 inay baighitediem cal
nmechani cal |IS n DCl\/P ck to expose a 0 e.g.,
an upper sur c8? bf’gs‘qolis %r%c?egFF%Itp%fﬁlayﬁgt%ﬁ%\ﬁﬂeS?f?‘iﬁ?t@ ?go"éﬁucﬂ}pper
surface 711 of timrtperemail st?eiﬂmamldavelprpﬁmgmﬂcfahaef&cﬁéiha&ﬁalrﬁao ef mé@horp40 are
on the sane pla | anar i zatl on h bac ocess.
FIG 9 shows ne&r:eﬁlrcfl% é\?%ogg S%Hs Omecases algerﬁ]g%@fl}aﬁ@f’ ﬁllngteg%%{ has been
formed over dewnmemdﬁ#mmameefmlﬁem(dneanlglorrataarmlastzo710 Maski ng structure

950 may 05 be used t9 sel ect dvely re ortions
of materials underng?(f%atlm% |vF1Sgan§‘t ru;f'?:t %yg% YRS eadlfu t'ﬁgllgg
processes t & f ohirectrmpomy zebsectea pBREndiokir ehowrthé ndiscGon &hd theaski ng

structure 950 i e Rat yiga% rt| ans 951 and
openi ngs 952. énlcehﬁgépz\rsl?h E?@aé%é&ﬂﬁ%@ 3 ek?ngr%l H]Sy Orm he

y-direction andlifferemiyets, @@Jab'eo«tveﬂdrmrgonmmlhme sthetilayestin thnz— Lengt h 954
is 30 substantiaglly,,greater than width 953. Masking structure 950 may

i nclude a phot oresi St that may be used in a photolithography
patterning process 6 ugdthewin tewrogogtuserlcvilr @spe@1@(wo or more millgriabshown

in FIG 9 apgd F(bﬁaﬁs)%“brﬁ’%é&tﬁéf%%ﬁ?aﬁ 1&%&990 §ah e%n &%S' t' oned

such that their terns are icular to eac
exanpl e, the gr@ﬁ@ré\“ (@ lﬁm@v@nle( p@m’gmwﬁn%mmawrmlh@riaydm}@@tmcdm; of

openi ngs 952 of ,Bski no [%Efﬂ“ﬁ%{ﬁ%ngé%ﬁ?é adaldohal PSR RRAAIGYY ar to
the greater dinension (lengt
layers) such that contact is possible but not required. Neither “on™ nor “over”

implies any directionality as used herein unless stated as such.

25 FIG. 5 also shows a masking structure 550 formed over materials 540,
530, 520, and 510. Masking structure 550 may be used to pattern, e.g., to
selectively remove, portions of materials underneath masking structure 550
during some of the processes of forming memory device 500. As shown in FIG.
5, masking structure 550 includes a pattern defined by masking portions 551 and

30 openings 552. Each opening 552 has a width 553 extending in (he x-direction
and a length 554 extending in the y-direction. Length 554 is substantially
greater than width 553. Masking structure 550 may include a photoresist that
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5the y-direction) of openings 552 of masking structure 550 of FIG 5.
Posi tioni ng masking structures 950 and 550 perpendicularly to each

ot her duriwg 2bmroaes3 on of nenory device 500 may al | ow sedfusabivgeszent
of sone features, such as diodes (to be forned in additional
processes), of menory device 500 to inprove its material quality and
functions, as described below 10HG 10 shows nenory device 500 after
trenches 1015 hﬁﬂ;ﬁbfhﬁaﬂmfa@h&ﬁlﬁh@gfiﬁbh%&t@hﬁ@g $rbdebkab PatRriARkcis 4bG 9

has been renove éﬁ grgolﬁ process such as etching (e.g., dry etch
or wet etch) may Obe P Po remove portions of materials 540 and 530

of each device Struﬂ@fﬁeshﬁﬂzﬁmaﬁto@ld%&m aR& ARt RO tieh @nﬁan@f mat eri al
710 at openings 95 Each trench 101

trenches 10 may
15have a botto nﬂfﬁlhgﬁ%ﬁ?%gi}vgp eeR Spymed agg) ‘B"l‘sfl‘l‘ni SO EI G § e b?eﬁe
y-direction,s anﬂnﬁvddemqtraema’h M(ﬁﬁl@l(eﬂg dripeciyanyHduedesd fe@tidve Lengt h
1007 is substant | al I e dt 006. .As in_FI G 10,
the greater di MHY 8 E?]aéft%mi%@?ﬁo dgé@[’f @?%??éﬁggé:\f@ Bx{¥nds in
the x-directi onremhrnmggabmdmfm&:@wsuam 3B& 326 Aol 510 (ﬁ@ﬁéﬁsﬂh@&ﬂeﬁ&l ons
1040 having a peri et er ce protru 040 are 90 r med
usi ng maski ng slt? QP%‘SH%{S%) ffjf—‘tl Vl‘*f)suﬁci‘i‘éfe’béslg %ﬁlée“%s”\?f’tlﬁ 6ﬁgtter ns
that are positi lmedvnmspleemhndmg aftheyx—tloecﬁaucihdatldagm 61pestentiigds thikG41 of
500 af ter a'trat GFFUT 1HI0" P BESR by prster Gy L BB EFRRES to
fill trenches 1@4bhavea bastsmtcaimatmabﬁ@swﬁiﬂ%]ﬁ%@mﬁﬁg‘mdm:@mebu@t her | n
the y-direction 10 ma |n de i.on £
silicon oxide oz}ndl}ﬁ%tgﬁl ﬁﬁhgg} 1%oh e érrcf%{a tﬁ?&&e@%a u‘isrlajiﬂtf)l lﬁﬁay i ncI ude

t he sanme nmat erlabatftrdrqmsdithﬁtﬁa as that of material 710. For exarrpl e,

both mat er ' als 1110 1\P?(g.r s?g‘ws ngx?ry ?%vi%dﬁo %%t r'a%%'t‘ Of('}lﬁ%as been to nedS hOWS

menory device 500 a et er een anartzed
t hrough CWVPlabr wg.diy depeskiontio fidxpodtes fintte insdhte M@eelhmmratérIOaélFIGnS) 1040

As shown in Fl %‘on]‘gachg ﬁ\}fiér%‘%o]l Qn qgsufag& at %Ct Isfl”go of the
@%O te ﬁ a?]

sane device structure are 1nsu rom eac by mat eri al
1110, and pr ot rexideomsthagzlatibomgtetifle x- direction bet ween different

devi ce st uct ures 61, af ol Malhall Al dd BINEASOLIAE nBoIRL ELL AL, 710.

FIG 13 shows nmenory device 5 ter recesses een rmed.
A process such % brough shgmicel raechanigaypadisiing @MR/)/@reteltW)t ayapoe used to

5 renmove mﬁ@rl&hlo‘ﬁ@%\s dpﬂa%ﬁfféc@%4ﬁ§pm£t5ﬁ’ Attsﬂt;\%t {ntﬁé@fﬁg‘lo t?n

expose material” 520 escri bed ove Wt erence to
sone cases, mat@pFETEgJ!l h‘afyﬂ%@labmqaméapt&htﬁrﬁm‘@ﬂ ohmasd0 Shhgre be

formed direct! ym@@me plane following the planarization or etch back process.
FIG. 9 shows memory device 500 after a masking structure 950 has been

formed over device structures 610 and material 710. Masking structure 950 may

25  be used to pattern, e.g., to selectively remove, portions of materials underneath
masking structure 950 during further processes to form memory device 500. As
shown in FIG. 9, masking structure 950 includes a pattern defined by masking
portions 951 and openings 952. Each opening 952 has a width 953 extending in
the y-direction and a length 954 extending in the x-direction. Length 954 is

30  substantjally greater than width 953. Masking structure 950 may include a
photoresist that may be used in a photolithography patterning process to pattern
device structures 610.
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mat eri al 520. Thus, the process associated with FIG 13 descri bed
here may renove only material 540 (if material 530 is omtted) to
expose matwoizado/08283 10 when recesses 1325 are forned. pCcT/usA®0sE0aEN
in FIG 13, each recess 1325 includes a bottomon material 520 and an
opening that is shaped by perineter 1041. Since perineter 1041 nmay
have a pol ygonal shape, each recess 1325 may al so have a pol ygonal

openi ng and a pol ygm%hmﬁi 1dm|9|and$"ﬁ@(5|r@£sﬁﬂgVthkﬁrcfsba)ﬁﬁ'%@%a'
openi ng. The poI evvaII of each recess 1325 An%y be defl ned

by four sidewal P %8?'“? Jpayogasare pespradiculgrdo qagh gthera dosgrgigle; n
FIG 13, sidewaht gﬂaﬁx@ﬁdl@a&mﬁ@z@uam id 3R &- A QicAPHRPEdifs DEDHR RARIAg Ot her

and are forned from e 710. Sj dewal ortions 1327 and 1329 are
opposi te from e¥¢H* rBﬁQPF %\[?l;dg 5rP§IPF‘HLW§ﬂl(¥‘L‘bE‘FWtdé‘P‘?"é n gl4ngh S34iiRenal |
PPO: _

portion 13265 sthpedpestidh)bpdninges s dteweltihg PaLilieds0 $8EE, 5.00MtosiRg | S

et pondi oul ar t5eSPAGR=RaP erbopiFGiaialHz S sich B apEeAGRY 1110
may i ncl ude t heofssmryddvize 560 miyealBw,selS-hligna@nt @m:ﬂe&mﬁ:ﬁg s&dhdewal | of
B e Ll P I, B s SRS
25FI G 14 shows;tsrmﬂmfayqldmylaaeﬁﬁaﬂm@,fateersc:ﬁmtieélbaj s 1420, 1422, and
1424 have been for ecesses 1325 eri

i ncl ude n-tg(ge seni cioi%dgé{l OF et f41e éd: fer “?‘F ’?6&?{’1"?&%% e ™

Mat erial 1422 nmug niaslkdhgiaectpretOip of BiEnd hasn:dmmtambveﬂntt\erenmlal frecegs suclp- t ype
silicon). Mater 120 1422 form ast a part_of a

di ode. Materi al As%fgﬁéﬁﬁ%/ aar%dlfh(c)fwe(t:on uc |b\7’élser% ree%nloﬁffp f‘l a
resistivity | owsateridhai#0ahdeS530ed Bes:h|dW1¢eystrocftmmﬂ@ﬁtlopémgiamlﬂ@dnlbﬁ@2.

Fo.r exarrpl e nﬁtﬁt‘%’ia&e@ ial ’ﬂiﬁ% 1%4%5 ‘;% %?l]iﬁ'gl?ﬁ 1035 1%32&% ncR I%alf el

sui ci de. mat er| cessyes 1325
may i ncl udelyr dvm'ﬁgb@pnt(alxn«aetndkﬁm u:wnlltow()ﬁaxterdugl in Bi2 Q- (mmcti‘oordmﬂ a

mat er ial 1420. IWIOO?‘@IH@MU? in th%%gzg relERN. IL g)?? ¥ sggslla%uﬁfs)y@éa%l line

silicon. Inpurities o e |nse u do ed or
i npl ant ed) i nt oharheiddy 160m @tht)umnaHIGslq ﬂl@@matesdmmﬂrmn (heagte 1O oﬂ420

TRy | nol ude - CABEERA 98 Blendiih B Quned R Ui 88 B AP IPUN 1 1] 5

may be inserted g., In sit erlal 1420
such that a 5 p@fﬂﬂ pr@ﬁnﬁé@s ¢040 fta@pg pommm)l%lf Sireee erotragionsyd 04G e m

material 1427. fo‘ﬁne%)iﬁ'f@ ln%sk@ﬁg sBictures 550 (FIG. 5) and 950 (FIG. 9) with patterns

that are positioned perpendicularly to each other, perimeter 1041 of FIG. 10 may
have a polygonal shape.
FIG. 11 shows memory device 500 after a material 1110 has been
formed, e.g., by deposition, to fill trenches 1015 to insulate protrusions 1040
25  from each other in the y-direction. Material 1110 may include insulation
material, e.g., silicon oxide or other insulation material. Material 1110 may
include the same material composition as that of material 710. For exaniple,
both materials 1110 and 710 may include silicon oxide.
FIG. 12 shows memory device 500 after material 1110 has been
30  planarized, e.g., through CMP or etch back, to expose malerial 540 of
protrusions 1040. As shown in FIG. 12, protrusions 1040 along the y-direction

of the same device structure 610 are insulated from each other by material 1110,



type inpurities includes an el enent such as boron (B). After material
1422 is forned, a silicidation process nmay be perfornmed to form

mat eri al IWd4010As1280wn in FIG 14, materials 1420 and pAAR20M023363
directly contact materials 710 and 1110 at sidewall portions 1326,
1327, 1328, and 1329. 10FIG 15 shows nenory device 500 after a
material 1599 has been formed in recesses 1325. Material 1599 may

directly cont acindppétREion 47 a@n@ﬂ@lx@&a&oﬁbctﬁ&edawwrdm 0Rfck k@Rsurck326,
1327, 1328, and@rbSZQ Material 15 gé@eform menory el ements of
nmenory cells 15 arqi‘(‘}?%t‘?ﬁ’d{%?a@?? fr by U ncl ude depositing a
chal cogen: Flelggt eri ﬂGQ\Blahca\ﬁmﬁ@iédrﬁgevk?%éO hffer E&@eﬂ@ﬁi@ﬁs liﬁ@ﬁeen15Eafh
menory ce i nclude a di ode for east material s
1420 and 1422 a B@r@eﬁ’fﬁ?"% BRI A3 %E ﬁ‘ﬁ?é‘?’%?“@é@@f begsedde
materials 1420 ﬁnﬂvaﬂaammmam nhtepiges 30 frofaeéh freicRBS 10za)age;a}foee formed
wi thin the sane rec mat eri.al s 20 and 2 can be

sel f-aligned to™ ﬁ‘ﬁ?ﬁ?% Efr‘ﬁ’?‘{ﬁho‘(f's‘f"rj%l %ﬁ RS ‘ﬁ]gpﬁtsr HSPUF 68550 (FI G
5) and 950 ( Fl GnatSjial Shahaytiernpeddaad diaiihlad) gy 8ORasdk dﬂ%ﬂ@rqn t he di ode
of each recess 1325 onsi dered as  se

Since the di ode®aFH! )?qjmﬁ\}ls @E\Pf °§SS§698°18t§?HWHJé%ngII 9 %fﬂ ﬁt‘“a?jl odes,

m sal i gnment of retbe chlvod@sriag 64D @t riedriaf SFtisIsRRed)eo gacposebﬁtenﬁeﬂo
materials 5 an device 500 may be substantially

reduced or absel enreﬁ%%se# G?&reqorﬂ%flrermry devi ce 500, defects
associated with the ﬁdlsm:lesmm 1Bseacleﬂcaseﬁ3ﬁﬁncﬁﬁai51mmbn1 ovfaegivler, sone

conventional dey de devi ce .f eat S des and
ot her features, y’tokiag(?an%mg%&ﬁﬁ%g]a?ed bé’dj enq‘ﬁte frﬁﬂ' mer?r’r%ﬁf [rr&f}?@ra\‘éat e a
constriction | nh@e @pwly@mal spath:abieﬂemetﬁ’zlshlmytaissaduegrpely'gdmmmmﬁg in the

conventi onal netric generate .a n such
as hot spot wheT nd%ﬁj%ryg%nﬁgsé%?v aghgf)c%‘é‘g\v%ﬂ@g é%on?l Opetfl gltﬂ B&Y %Ongloor
devi ce perf 6F nmasideevall 80eaknrepepbddp nde\bbde‘uif:@ﬁy fogovidaret] posionsdld2&t i on i n

o1 2bsence of g HagLhanEh, DRMSEATRSLAkP)IARD R 20sTY

reduce or prevent € ‘'occurrence
per f or mance mayarpepposigrimegich other and arf IfC(HIIEG_BOIs h@malrﬁéﬁnﬁyle\délvl ce 500

af ter addi t i onal{at37/65 PhooTRIBLYIRYAGEAM: RS, REEI day med.  For

exanpl e, conductive contacts con rve lines 1604
and 1606 have bwerid dFlfe§ide@alhphreen \3@6 1S|pn1@snd1®®4tceamhtwcld>mu@t13% l i nes

1606 may coxg es\Pﬂaﬁs?&Eﬁﬂﬁq}dﬁo's}ﬁ%wm for{34s. %?H%»légga Uethy e |1 nes

206, respectivel Conduc | nes and conducti ve
| i nes 1606 of F[POEECH(EBWMW@‘@BP@ﬁlpﬁé%?}?oﬁdm@@m@ﬁﬁ&iﬂ&aﬂdélﬂomﬂﬂes 304 and

conductive |inegci3fbne R ra?afehhw@gysm&fn okldE thS3siad AR of&dch fe8ds i fbst he art
may readily recognize that additional processes
may also include the same material. Features, such as a diode and a memory

element, may be formed in each recess 1325.

25 FIG. 14 shows memory device 500 after niaterials 1420, 1422, and 1424
have been formed in recesses 1325 (FIG. 13). Material 1420 may include n-type
semiconductor material (e.g., n-type silicon). Material 1422 may include p-type
semiconductor material (e.g., p-type silicon). Materials 1420 and 1422 may
form at Ieast a part of a diode. Material 1424 may include conductive material

30 with a resistivity lower than the resistivity of materials 1420 and 1422, For
example, material 1424 may include cobalt silicide or nickel silicide.

Forming materials 1420, 1422, and 1424 in recesses 13235 may include

growing epitaxial silicon on material 520 to form material 1420. Thus, material

13



may be perfornmed to form additional features of a nmenory device, such
as 10 nenory device 500 descri bed above. Thus, to help focus on the
enbodi nentwodemapi2bed herein, FIG 5 through FIG 16 desayisaedozeye
and FIG 17 through FIG 49 described bel ow show only sone of the
features of a menory device, such as nenory device 500 (FIG 5

t hrough HG 16), nenory device 1700 (FIG 17 through FIG 14), nenory

devi ce 2500 (FI ﬁooaﬁyﬁﬂlﬁﬂﬁhglgbﬁtalﬂmqlllcﬁﬁnmgﬁntlé ofl @MY @nag BOthsdrch G 30
through HG 39), and nenory device 4000 (FlI 40 through FI G 49).

FIG 17 thr ough(®h& SiBAORKSHIPRIFIS itasthe,gropp epifaxigl siicomrie (hat pakeiial

1700 with COl’ldUmO‘ﬂﬁylﬁﬁhﬂé haype bfidial AG@AY ﬂhﬂiﬁu&@i@ﬂy&ﬂﬁ@ﬂitﬁ?ﬂhy of the
i nvention. Sonic Lme? processes used to fo devi ce 500
B o

descri bed 90 ablzfv1 & BERRed of Bumqned) 3“0( IH?"?R?@) F’l‘mélsE%h B8 amay be

used to forny mepmiion gV t@@orllzﬁbﬂ)fdﬁ&ﬁu Iﬂ@cfohembrrm \M:toh AnCkehRE6~p-t O
ity, simlar materials and

FIG 17 through FIG 24.

features bet \/\/eetléiperfﬂ}%?&}ﬁsd‘&t\l}i%ﬁ%a “”B‘f Sugh ﬁ%oﬁmt(ﬁ)r SHigrmeepal 1482 1504
menory devi ce 1foffkedod sifidi@tiod probdas oughe fekfrmaddo R nGitevigl 4pheasame

ref erence nunbers iffere b en nenory device 17 (FI G
17) and nenory S&‘BWE‘gﬁgob"d TRfepals %ﬁa ‘? tmaﬁ'élfr erry Pntic‘?g’(ﬁtefﬁjﬂ %glrro
device 1700 is dﬁflfllﬂz&liﬂe\fﬁﬂmﬁrﬂmﬁ €326a13253028 fandE3¥0r y devi ce 500. For
exanpl e, rial I udes an.ele al | terl al
such as cobg(ft sili }?(gl hi EREY g‘?"l‘“’%b@%{?r ?H%@Bﬁtqgggg]f“%%@ et i bed
above, nmt eri al in5@0ss¢F13Cs. H)itenﬂasweay dircdynsulagitnnangiaBQ 10raddeni@ic such
as silicon oxide ot her f t devi.ce 1700 (HG
24) and nenory Sd‘ée\)“ﬁggorgﬁ%f ?E% (];\3 5762;%%? gt 1%%%@ E%lggr’inaéffo%lpeé??rél
1730 remai ns i neleveanorof netesiyoellsl[B00. Fdrin(Gg m’Me)naUﬁ@anmpmaluﬁé lapnosiidg t he

menory devi ce. rast above WI reference to FIG
5 through HG 136&31{%%%%“@“1““ dgrm €\"/\I'/Ieagir?ig rae%eés?]e erory cells 1501

(FIG 15) of5 nenory Eddvingeorg0d! 1561 meyrowide :uqhoalb fomumyd|bg tai loast mbtetidie
menory d.eV' ce. %470 anci g. fln%a1;]121101%Qﬁlllg$t%k\ﬁ%gs¥1ﬁe1?alIlfg?)mgrr%%11%%%]qe 1700

up to this poin orne
descri bed abovelmtlirrl gt ef badiedd in efdh®ce$ 132hare trghedwithin e shloswvever, as

shown in FIG g];;mg] 31%9%?9%3%&993&%@ ﬁémhteéﬁ%ﬂaﬁ been

formed between rrat erl oWs “irenory device
1700 after trenshasnasignssivaiees BERWIE.G0 amlPS8 A GrRkilay pstpendidular & 950

(FIG 17) hgs b&@lpothqu'niﬂ(\!QGge Sg&g@eéeé 1395 9&%%8&%&(1%%%92}14&%&% g.

dry etch or wet etc to renove tions o ial
540 of each device $incgidiediodesgn orcapryshyent 5ﬂ$)§3195<290(fﬁl@11101379‘10®ﬁd

portions of mat Iﬁfsﬁl%mZﬁthf &k d%@&r}ﬁlﬂlgﬁe%r&ﬂe OB&\VE(!H%HE&(Q‘E%S

5h
Material 1730 is not renoved. each trench 1015 has @ottom on
mat eri al 1730. E&@hntl}eeﬁwewq@mwb&Svhsapthallmﬁleceéwelrﬁamtnall¢r¢f0tehe

y-direction andgaehRRcicd WY 1&¥hERM R With RS St EEE e@fded or

25  absent. Moreover, some conventional devices may include device features, such
as diodes and other features, that may be misaligned. The misalignment may
create a constriction in a current path between the misaligned features in the
conventional devices. The constriction may generate a phenomenon such as hot
spot when the conventional devices operate, leading to poor device performance.

30 In memory device 500, however, a reduction in or absence of the misalignment
between materials 1420 and 520 may reduce or prevent the occurrence of hot

spot. Thus, device performance may be improved.
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15In FIG 19 through FIG 24, processes simlar to those described
above with reference to FIG 11 through FIG 16 may be used to form
ot her featwpoesivabizsenory device 1700. However, as showpdiniszoih®23zes
through FIG 24, only sone portions of material 1730 is renoved, and
sone other portions of materials 1730 that are between adjacent
menory cells remain in nmenory device 1700. The 90 presence of

material |173P in nem.y;sc&aw\iésclge@&g)ecmmb gera&'(ﬁticgﬁggﬁit?&eﬁgVﬁ(iﬁ%rﬂjoo in
ways simlarly to, ia in nmenory device. 0 .

PG 25t hr ought I DBBME ek P e BE AR, FOH G c SRy mdefF e
2500 with recesfaﬂ&ﬁﬁt&\tﬂimm@d fd)@&ﬂéimw@h?@\bﬁéﬂfoﬂﬁHECblﬁiu&ive@ig&?r()d# ng to
an enbodi nent of the invention, Sone of the processes_use o form
menory 95 devi c@d§ﬁﬁluﬂ%‘?§PFso]e‘{§68’BB%TW%‘ﬂ G copdclycdines PAres 5t hrough

FIG 16 may pe uﬁleﬁi;titr@liﬂeﬁs@m,E@W@ﬁ%lﬂ6ﬂﬂ®2.25?fﬁlu&ﬁé¢iht%sh6d4 herein \lfvith
reference to FIG .25 thro E 9. Thus, for si icity, simlar
material s and f%oggwlé%ﬂrﬁéhl%eoﬁ%r}%rwya R Feresnand ogongaciye e $Mough
HG 16 and nenoind coedtowe 1REOM6Okspetiely2S Hirough FIG 29 are given

t he sane reference mbers .. 30ln FIG 25, the structure of nenory
devi ce 2500 up to tE#’S Slg‘g?%f’ “ﬂ)aé”‘fa{)iﬁmé’ﬂogd‘éz? LR PBEESSni | ar to
t hose descri bedmapimierfoinicd 16 Bhe hddiG@al fBatirk{af amdnltiplgRe héh as9. As

shown in HG .25, maskin ructure. 950, has he f or med. ski ng
Struct ure ok raghes Sl P EEHEROR) TRECIMEG TS oF bR
openi ngs 952 wi ddscritiedbdreif FBGahidirdueinBith 1Q8ebcritfel] @ova2 GndsIFIGWS7 dERBH Y
devi ce 2500 aft 625 have been.for.nmed and naskin
Structure 950 (ECSEEFRETLARE oV GRS bR L mEp Bt
associ at ed wi t hsubh @ m@nosp deviret500 (FIGed @rough BI(G46), madory 16viad 1 70panGngs

952 (FIG 9) wop, e o form 101 N 10), the
procfass (e. zg : ‘?;)r‘gf‘)g@‘ cﬁ%g?%vﬁ?&l%qgﬁ‘ﬁmeaztss{s)(g@?g’?%dh W gt':-flhp(lg @ "fél}orryermves

only materi & 5#QicaB0WEK]. 39 du@ih FIFI3G, aRbhenay fioim40ec@sce®d 2625 of

FIG 26. WMat eri@%ﬁ%{}p{c@h )openi ngs 952 in FIG 25 may remain in nmenory
devi ce 2500 when terl'a?'540 10at openings 952 is renoved. As shown

in FIG 26, each red¥3d7280%hiHG| Adbsw arobestds ofifooningamnemiog] device

1700 with conductive material 1730, according to an embodiment of the
invention. Some of the processes used Lo form memory device 500 described

20  above with reference to FIG. 5 through FIG. 16 may be used to form memory
device 1700 described herein with reference to FIG. 17 through FIG. 24. Thus,
for simplicity, similar materials and features between memory device 500 of
FIG. 5 through FIG. 16 and memory device 1700 of FIG. 17 through FIG. 24 are
given the same reference numbers.

25 The difference between memory device 1700 (FIG. 17) and memory
device 500 (FIG. 5) is that material 1730 of memory device 1700 is different
from material 530 of memory device 500. For example, material 1730 includes
an electrically conductive material such as cobalt silicide or nickel silicide. In
contrast, as described above, material 530 (FIG. 5) includes an insulating

30 material such as silicon oxide. Another difference between memory device 1700
(FIG. 24) and memory device 500 (FIG. 16) is that a portion of material 1730
remains in memory device 1700 (FIG. 24) upon completion of the memory

device. In contrast, as described above with reference to FIG. 5 through FIG. 16

Y
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520 and an opening that is shaped by a perineter 2641 including edges
of materials 710 and 540. Since each recess 2625 is surrounded with
mat eri al s WoQomndi28310 t hat are fornmed using nmaski ng st rpgafuse®@s/08869. ,
550 of FIG 5 and 950 of 15FIG 25) with patterns that are positioned
perpendi cularly to each other, perinmeter 2641 may have a pol ygonal
shape. Thus, the opening (shaped by perineter 2641) of each recess

2625 may al so haweriA SPObGRA aljag&haR@nory cells 15SHNERS. 8 8T nlcBRBSEvieE25 | S
surrounded with terials 710 and 540 that are forned using masking

structures (e.g W Koy uppreonpletiop oghgmgnonydeyice5) wi th 20 patt er ns

that are positioned IpBEIRENdhedth@bilelst 1emEFEBvies 1700 up RAGH pbiRGRSHe2625
may al so have a{f{gl?l onal sidcwal l at may he defined by four

th
si dewal | porti ot B8 ProgaFics sylagto thase desgited abve st Fr{erpice g G- 56,
fSi devvgl :c porg i Otlﬁﬁ)quﬁQ[@. &nﬁoaﬁﬁﬁ als'iﬂﬁwﬁmﬂl@l@i. 4= Sfat’zeﬁﬁll Ieg@grésﬁzﬁ:giﬁ‘@f and are
or me ormmateria . .Si dewa ortions 7 an are
opposite from e‘él%tFF‘%P%(égasat?‘?ﬂn E’PBG‘JF%’F"Y?BHH‘FGF?H g@r?&f‘é‘?@-al 540. Since
material 710 (e.g., FoG.l1scEswsandnttey deind 17G0 Stet @dncied Q0 1(Fhage beehi | 1 CON
nitride) may ingclude different materjals, the sidewall of each recess
2625 may al so i%811%&39853?]‘?@?3%“%%?@&?@ ) ﬁﬁﬁgreﬂéﬁlaﬂkﬁfiefx TBB‘E‘ﬁfsi dewal |
portions 2626 aproce2Gaeh mrychind ¢d.gl0dy B@h 6 wa ktcl)ifay(tR uged, to Enldv€on  oxi de)
and both sidewall .portiaons 7. and, 2629 may i ncl ude ial. 540
Cog o 11 LBn o et S B st St deminss 2eBCas a
di ode and mnenorandebmioesdl marsgiyl 116 af qpeniegh 950 (efanh e fa S 12 A fterial
FIG 27 shows ty devic 00 after rials 2720, 27 and 2724
have been formgglEﬁnPg%%lggees%g@?CLk?ﬁ nglﬁg 5557% ,111%‘171E§?r1aiﬁ7d302724 may
be forned by pFobessbdOs bk hadit 006reoeRBgHs tegedietinfaad alermgheri al s
1420, 1422, and%%?gﬁer%dgngsugg]%t|d\1/rgéty of FIG 14. Materials 2720 and

2722 may form a eas ion SP' a diode. Material 2724 may

i ncl ude contfuctive dmklér 1alhreglc RIGAS4 madoessiadimid 4o bbseMbGribal abds shown
710 and 540 at CLGSRATT BAREI rLosTRY BEblREY S AL B JRLEL b ©
FIG 28 s hows nmenwry deiecgi l7e0. Zlmvarf #seshowen Higk ¢9 thadugi? BED 2haslylsenn .
i g T
2899 may be 10fbrnwdeineeprdiaserigeesony ¢ells mmaingn peooogisdse I8dTho f or m
material 1589 cHresjélllcg‘of hterial 1730 in memory device 1700 may improve memory device
1700 in ways similarly to material 317 in memory device 300 of FIG. 4.
FIG. 25 through FIG. 29 show processes of forming a memory device
2500 with recesses having different sidewall materials, according to an
embodiment of the invention. Some of the processes used to form memory
25  device 500 described above with reference to FIG. 5 through FIG. 16 may be
used to from memory device 2500 described herein with reference to FIG. 25
through FIG. 29. Thus, for simplicity, similar materials and features between
memory device 500 of FIG. 5 through FIG. 16 and memory device 2500 of FIG.
25 through FIG. 29 are given the same reference numbers.
30 In FIG. 25, the structure of memory device 2500 up 1o this point may be
formed using processes similar to those described above with reference to FIG. 5

through FIG. 9. As shown in FIG. 25, masking structure 950 has been formed.

16



Material 2899 may form nenory el enents of nenory cells 2801

Each nmenory cell 2801 may include a diode that is forned by at | east
mat eri al s R@26apks2722, and a nenory el ement that i nclpodass:zemieseal
2899. Since materials 2720 and 2722 in each recess 2625 are forned
wi thin the sane 15recess, these materials can be self-aligned to the
sidewal | of recess 2625 (sidewall defined by sidewall portions 2626,
2627, 2638, andvii&af) stmé[ﬁlﬂ@‘iOlha@a@@t% ABBIART BYy RdRking g&Hdns o5 Ngnadi ode

f or med by materials 2 n can be considered as self-aligned
di ode. HG 29 s%ﬂ%gﬁ@%nﬂ?@“ﬂ‘@ﬁ;éa“ﬂé‘@@mﬁﬁer addi ti onal features of
menory 90 devi ce 25@%%%@0@6%1&@86%°5(ﬁDtheEﬁé@dﬂb's%”5qm?éj&é@ﬁ| ve

contacts 2980 and onduc &éél nes 2904 and 2906 have been

formed. Conduct ¥ ﬁ“ B’§S E“%WH cf 1A8 bpgnfergovedo Bnlikgfhe
correspond t® cmadm:&wcmdmn@%@%lambmmtwﬂs 340 ahd TSt S8¥8ings

respectively, ductive |ines conductive |ines
2006 of FIG 2955rré{}1%a%‘6°‘§% fé@%‘ﬂd" k°6‘11€8 1?”5/1@%?1 adhegocedisangd
g(g)ndlﬁcti ve |ineg. gSG? etdheﬁpzeodtdh\)'ﬁﬂsyclat@fmﬁﬂ@(} 351egnb@s ol Iltakiarn?Ll'ng arl G
show processes .0 ng..a axi a
silicon 1? or ned %’5?‘8?%4 3 (Iglﬁ;egst)é(? %ﬁllireﬁﬁssesa'élé%?fﬁﬁg:pﬁr \é\%f’é‘ﬂ‘a G8i ment of

t he i nventi on. dimniags(ﬁsoﬁmHGpnmeﬁﬁeﬁmliﬁeﬁmb@ dbaEdn 508 héymalenal s40 500
descri bed aﬁ?ve wi t h % £rence to FIG 5 through FIG 16 may be 30
used to fro ne%‘rBPV”ﬁ% 2" 3W8Y " described herein with reference to
FI G 30 through FI GAs3BownlihiFgs. ’ffs,oaactsneaqsé 2a25 tineJudsd abcaih ofmiaetinial s and

f eatures bet wee devj,.ce 3 16. and
menory devi ce 3%86"0?“ %eﬁng %t 1?% ﬁ’(aﬁe@letﬁbﬁg; @Cﬂg\?é%gteﬁ%f sane

ref erence nunbengerials 710 and $49. BinGe ea@ﬂ recesla%ﬁtls wntoum@d oith mrennly?d}aw ce
3000 up to this n hose
descri bed above “{%%f*@ rE?%irogﬁ%ié&tn% %‘%ftﬁ %E?gshg‘:% 9%&86\/{1
FIG 30, deld celét iimvtlltupetgsn&mtaws)uha@edp@ycnmuleﬂy @lcachlBhenave been

formed. SFIG nﬁﬁeammg%%veql}%ggsm?'&%ge aﬁfhhﬁl&;mse glﬁ.ﬁg gﬁa%?d‘iﬁo and 530

(FIG 30) have been renobve ocess s e g , dry
etch or wet et cieyime®he64l pofpechireqsts 2085 any albshasd0 pelpgbn®3Bapkor N

vt oo 3000 af tor - noragedefl S sz bR v biferip  FIMRIGRIRG
(FIG 31). WMat dpindd usipg askgng sitpetingsie.2n 6§ p/d e endnd G0l aCIor 2Tyatitr i | aI
(e.9., n-type SabibMOM: arm@mﬁ& fai%&lﬁﬁauﬁlﬂy%@é@h i %g%e&?o%%

epitaxial silicon on material 5 Thus, "materi a I nc ude
singl e crystal |4l4edaxs 4 padvganal pidgyeal} that gy be defineq prefonpnjdetyell prmr@emt ed

(e.g., insitu ’fé@@%’)ﬁhwsﬁprldai%WdAs PR id 116, &, QB BIRlohA%E B26Shd | CON
such that material 3220 may include
2628 are opposite from each other and are formed form material 710. Sidewall

portions 2627 and 2629 are opposite from each other and are formed form
25  material 540. Since material 710 (e.g., silicon oxide) and material 540 (e.g.,
silicon nitride) may include different materials, the sidewall of each recess 2625
may also include different materials. For example, both sidewall portions 2626
and 2628 may include material 710 (e.g., silicon oxide) and both sidewall
portions 2627 and 2629 may include material 540 (e.g., silicon nitride). Features
30 of amemory cell, such as a diode and memory element, may be formed in each
Tecess 2625.
FIG. 27 shows memory device 2500 after materials 2720, 2722, and 2724

have been formed in recesses 2625. Materials 2720, 2722, and 2724 may be
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15n-type epitaxial silicon. A process (e.g., CW) may be perfornmed to
pl anari ze material 3220 to achieve the structure showmn in FIG 32.

FI G 33 shwoxommworsy devi ce 3000 after a maski ng str uctaomas9&o0/obass
been formed over material 3220 and 710. As shown in FIG 33, masking
structure 950 has a pattern defined by masking portions 951 and
openings 952 90 with width 953 and | ength 954. FIG 34 shows

menmory devi ce 3ﬁeﬁedafyt1ﬂsceiﬁemﬁihheso [36&55@8&%@tdlﬁﬁmmfl@il‘iz{mmm,nldzﬂﬁﬁé(ihng
structure 950 of FIG 33 has e nove Ar val process such as
etching (e.qg., [ﬁ% réﬁpé‘ﬁﬁ"e%‘ﬂﬁﬁ(g 135%“ 151% 7 ggfr%r“c‘qy&ﬁ@‘ dheaftdt eri al s
3220 of each demirg® cﬁ'TaI’stﬁE.UM@teﬁalQ7ﬂn1@ﬂ@ﬂﬁdﬁ95nc&5t2ve&ﬁﬁﬂarﬁp§u5ﬂ anShOf 95
material 710 at openings. to form es 3435. Each trench 3435
may have a bott@ﬂ‘?%ﬂ%%?fﬁéé‘ FSSZS%?W%‘“\HI@‘[ » B %%tzgﬁ'i‘ﬂ ‘%&2 PRY t he
y-di rection, 5 andlreatly @agtimadRk 72 el vl agsiddwatl Bertiynsdicp & 062 Hps28lengt h
3407 is substanti 65'6%@' greater than wdth 1006. As shown in FIG 34,
n

the greater di Si (length 3407) of each trench 3435 extends in
the x-direction thr elgidewisatenstry dssicd 26@) MHikPa maxefif2RIOIHAs Pdedt r USI ONS

3440 having a pgrineter 34 ince trusions 3440 are f usi ng
maski ng struct utr%gléedé‘éﬁc‘fsﬁffsé%zﬁs)%/[%\?fbal 8%9 el cRpLEgy IIBEP?Ié?LPg"F“ghat
are positioned pPrapedaiall pbaiohsy2606 2621 628, helir262pavikieieil e8993ddbeof FI G
34 may have pol nal shape.. FI 5 shows r ice
3000 af tor - 10 oL Bnch SR T tas i grocesphistt 0T MG AERSEIIC Y. T
fill trenches 3M3®ridl@89Nsay fatnempmaly elesican sf Bdddly t¢lbB@Each ot her in
the y-direction. Mater,i 35 i.nclude i.n tion terial, e.g.,
silicon oxide or ot f’]]:géﬂ Iﬁlﬁlsl?ﬂ’ %1% io§§¥lr]r]aa¥ er ﬁg??dlﬁgetqle}%ilsa@n@g%é a{r’r]ﬁfi}st

5i ncl ude t he samsenni 272() add 278k pod a hennryaintchiabat dicludedt reateraal 28020.  For

caamoLe, DO NS AL 346 AL S L G00
pl anari zed, 1%®. gecess, hresughicrBRan e @tichgipdek he csidexplod eccem 2625 al 3320 of

protrusions 3440, A d%ﬁﬁé’éfbdis[he@l ortics 2@5&5&&’2%‘%@,%3’%‘2@}2{'@%9 the

y-direction 10of the sane device Strucfuré O are Insu from
each ot her by natlempmpry 28l 280! dheldipdedprmediby nwiteB414 0728} a0t §722kven be

x-direction betweemn. di ;stgf_ﬁ%ap&g&ege structures 610 are insul ated
fromeach other by nmateria 10.
FIG. 29 shows memory device 2500 after additional [eatures of memory

20 device 2500 have been formed. For exanmple, conductive contacts 2980 and
2981 and conductive lines 2904 and 2906 have been formed. Conductive lines
2904 and conductive lines 2906 may correspond to conductive lines 204 and
conductive lines 206, respectively, of FIG. 2. Conductive lines 2904 and
conductive lines 2906 of FIG. 29 may also correspond to conductive lines 304

25  and conductive lines 306, respectively, of FIG. 3.

FIG. 30 through FIG. 39 show processes of forming a memory device

3000 with epitaxial silicon formed before diode formation, according to an
embodiment of the invention. Some of the processes used to form memory
device 500 described above with reference to FIG. 5 through FIG. 16 may be

30  used to from memory device 3000 described herein with reference (o FIG. 30
through FIG. 39. Thus, for simplicity, similar materials and features between
memory device 500 of FIG. 5 through FIG. 16 and memory device 3000 of FIG.

30 through FIG. 39 are given the same reference numbers.
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Each protrusion 3440 includes a bottomon material 520 and an openi ng
that is shaped by perineter 3441. As shown in FIG 36, each

pr ot rusi orwd4dotBsncl udes perineter 3441 surrounded byoraiseeicabsss
3510 and 710 and includes a bottomon material 520. Since each
protrusion 3440 is formed using masking structures (e.g., 550 of FIG
5 and 950 of FIG 9) with patterns that are positioned
perpendicularly to €aslG.ab h@crmpaniemetneﬁm@%mcmohgttﬁhlap@ied gaseal

shape. 90As sho FI G py ot r.usi.o 440 al so i ncludes a
o vl | aet molims Tl B e R BT S 2o e 268 Fiostage Hong
3629. Since eactrqpeFII8] a8 s440n FE. BOrdswet sustigs BREKuNGdSlr uct ur es

(e.g., 550 of F|lG d 950 of HG 9) with patterns that are
posi ti oned perp’é]ﬁta?ﬁiﬁgl?alvflgff%?‘gﬁfﬁ other, each protrusion 3440 may

al so have a pol ygonzﬂlGﬂldMﬂlerﬁiﬁi tned 3080 Hiet@u@tidls jm))rdha'i 3(S(FRH 3626,
3627, 3628, and surroun terials 3510 d 710.
Foat ur as of . miBry vedl Houdon s 3i5e5S weaase il Bt poride it udin
protrusi on 3340The removaFbinatdialssHOwsl 336 iy tehettescH 33 kiéhdaig tiethe y-
materials 3722 damdt 3724 have been formed in protrusions 3440.

Material s 3220 4nd 3722 may directly contact 30materials 710 and 3510
at sidewal | port| on&lﬁﬁﬂ&hm&ﬁﬁezuorgm@&,e 3a@ﬁhf36ﬂ9tend}m.’2mhaabee3'fc&ﬁlemy

i nclud -t t

vmver ol 5 o480 RThGSCSUT e, T FlaleB b% S nBbid RSkl Kt er i
3724 may i ncl udmatemidi,min -type sikdoey. |F@hnmg mlateaalrﬂéﬁl Bby Melbge drovieg t han

th istivit ria

i ngl LSZI Z Im\slllt e)r/?p?t%m%lgﬁlcg‘“ﬁ %er?%g%Fom P ﬁméﬁ%lt%/?(? %ﬁ’émghfg?l%d 3724 may
i ncl ude i nsert i agstdliznegilicon. nfplpanitids g)-type mypéemsqmud (etg..e8 situntopedmat eri al
3220 to form na{n%ﬁzfn%'d) lﬁt% % gp%!;l{lglr mcgrgsu%h ﬁ'na I&lﬁkl‘?&?%@éﬂ% 110C, u%?rsn

after the p-type'inpurity erted IRto mteri
mat eri al 53724, n-type eplﬁkl@ sﬂB@ﬂ sh@mnawéﬂmr@MH)emmiE r8geded fu Wanarizet er i al

3899 has been flﬂ&[&?ﬂﬂiﬁltgach‘?@e%gii@mﬁ@%wm '3?993899 havi ng a

cylindrical structure as an exanple. Mteria may be formed with
a different struct uféG. 38shewstoerpray éfrwtal?’o@ml@rmysﬁng@trmelﬁhasi ting a

chal cogeni de nvﬂe%ﬁr&hae@a«%fms@ﬁa%wan%% As%gggyﬁif[@ysslg ddi tional

process (e.g., dry etch) to rormnmateri al conductl e materi al
may be formed od@eurePS0 sl ratyye délined pameskinglporieno?sd anhepeaiddi $52onal

process thabg f offiwiipL Bhlaak 13809545 performed, so that material 3899
can be protected duri n%ét he addi ti onal B@rocess Al ternatively,

forming material 383Y0-rpdyhawianaienay devise PR atigr agvchas Stddravobeepat er i al

over materials ifhd aamﬁskl@&@!ru&é%%@fﬁ[@rjﬁlﬂagbééh@&ndv@d tQgniRsul ation

material, and then depositing materi al
process such as etching (e.g., dry etch) may be used to remove portions of

materials 3220 of each device structure 610 at openings 952 and portions of

25 material 710 at openings 952 to form trenches 3435. Each trench 3435 may have
a bottom on material 520, a width 3406 extending in the y-direction, and a length
3407 extending in the x-direction. Length 3407 is substantially greater than
width 1006. As shown in FIG. 34, the greater dimension (length 3407) of each
trench 3435 extends in the x-direction through device structures 610 to form

30  protrusions 3440 having a perimelter 3441. Since protrusions 3440 are formed
using masking structures 550 (FIG. 5) and 950 (FIG. 9) with patterns that are
positioned perpendicularly to each other, perimeter 3441 of FIG. 34 may have a
polygonal shape.
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into the vias. For clarity, FIG 38 omits the insulation material and
the vias. Material 3899 may form nenory el enents of nenory cells
3801. FI Gwé2mhewss menory devi ce 3000 after additionalpdmaizonnesssed
menory devi ce 3000 have been formed. For exanple, conductive contacts
3980 and 90 3981 and conductive |ines 3904 and 3906 have been forned.
In sonme cases, material for at |least a portion (e.g., bottom portion)

of conductive contaglg. 3386xIMIdIE dbvierBBoh dfier & HeeRATB10MagBechdescri bed
above with refe{ence to F ere material 3899 is forned. In

G .38) .
FIG 39, conduc OW%LF@'H@%‘[“’Q%‘E’“&W i} trepehes 38940 ipeR)ate Boresigns At o
conductive |i negom@shandr GORAHGitdcN®. IMAGR] PA6 ma? hch@s pe@hdorel y, of
FIG 2. Conductive.lines 3904 and conductjve |lines 3906 of FIG 39

may al so cor r esPOfRE R SOROU TS ofterigwlaien nafstialc Mdret IR meY nes 308,
respectivel y5 oincibdi€Ghe SumefhderiaddnipbsiQahgh tat &8 mAGiabMOWFpF Qeapiees of

formng a nenory device 4000 without form.ng epjtaxial silicon to

f orm di odes of %/cljilém ﬂﬁ?ﬁgém,mﬁmﬁﬁé&hﬁ‘gﬁ&?‘{% an enbodi nent of
the invention. Sone Rf. ¥heow NERSS 8sideIO0) ifer fMekAal 3By békgvi ce 500
descri bed above w th reference Fl 5 through FI. y be used
to from nenmory HSHIEE 280 OH&GW%S&FHBarcgit%ex\ﬂfsgﬂmfeélﬁaﬁléﬁﬁga to FIG 40
t hrough FI G 49%roiflsitss 34401 AS kligwni i FI(Y 36 Srdtivkiatis 3980 elohgths yanekubeat ur es
bet ween ne y vi ce 500 of FIG th h. FIG 16 and nenp evi ce
2000 of 1 10 3ot A ke @by S Curt AN e sk PP liner o
FIG 40 shows nawiprotrusiens 3dé0 Ao hdadiragonbawes diffiat OB santhrexul ti pl e

materi als 4010, .4020 n 021 fo din.o ver substrate 4005.
5Substrate 400561?(]'7)15?{/e 1P attel%atﬁnileaf:lﬁ% i} éllba-tetnﬁf;’)?'elﬁsem conductor (e.g.,

silicon) material. Fochprogusivat3é4( intludkd 2 GotamdonkfiZdriatd30 dndah ugbaing
inserting (e.g.,. inplantin - ' riti iNto, a porti (e.0.,
top portion) ofmaétﬁggs%‘ta &’gtbé p%ﬁ%’r 3}IQ‘&)flisj&Sr’[;Rn?a %lrnipgﬁ%" %%h% ﬂﬁﬁqﬂay

i ncl ude an S t yipdude perowste (3d4 lovurmmtded balhaterTaie3 51€ aml Hi0ngd jpaloddsan
(e.g., bottom i : S whieh. ionel ude nat eri al
4010, that has p%gt%hlg)g)él}\a?%lﬁg%ret g{&@éw&tc lﬁ&%ﬁsﬁ@ﬁ%é@ﬁe?gﬁ%ﬁ%@ emain a
t ype sem conductwrtuge (b L0 attlonr 5 amt B0i0AFIG. 9) with paDeifn$ thatemt
concentration - ' i \ . rials
3020 and 4021 ey R deR AR SRS HaET AL Bl bt sEBSEl oy
For exanpl e, th&ageoncentration of n-type inpurities may be controlled

such that 5, As shown in FIG. 36, each protrusion 3440 also includes a sidewall
defined by four sidewall portions 3626, 3627, 3628, and 3629. Since cach
protrusion 3440 is formed using masking structures (e.g., 550 of FIG. 5 and 950
of FIG. 9) with patterns that are positioned perpendicularly to each other, each
protrusion 3440 may also have a polygonal sidewall defined by sidewall portions
25 3626, 3627, 3628, and 3629, which are surrounded by materials 3510 and 710.
Features of a memory cell, such as a diode may be formed in each protrusion
3340.
FIG. 37 shows memory device 3000 after materials 3722 and 3724 have
been formed in protrusions 3440. Materials 3220 and 3722 may directly contact
30  materials 710 and 3510 at sidewall portions 3636, 3637, 3628, and 3629.
Material 3722 may include p-type semiconductor material (e.g., p-type silicon).
Materials 3220 and 3722 may form at least a part of a diode. Material 3724 may

include conductive material with a resistivity lower than the resistivity of
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15material 4020 may have a greater inpurity concentration than that
of material 4021. FIG 40 also shows an x-direction, a y-direction
per pendi cuvarotomotie x- direction, and a z-direction pargrandioubsts t o
both the x-direction and the y-direction. As shown in FIG 40,

mat erial s 4010, 4020, and 4021 may form 20different |ayers, one |ayer
over (or on) one or nore other layers with respect to the

z-dir eclt i ozblgl ﬁztggegs EZ@3nc83170_w5h%g:ﬂﬂﬁkﬁﬂﬂgﬁﬁﬁ?&éd&ﬁ%a@@l{(&m@. over
materi al s , , an( : shown in . ) , maskin
structure 550 hgc’émé{‘gﬁ’éac“ir@]séf%%?“idﬁ%@ Y TReleds lﬁsﬁ“ﬁéﬁf’c-g-dﬂ]gia!%%?aﬁ@e
openi ngs 552 W fnfpuiiiddtifio bagriarsd2¢ ®rghhmdt&Rd4722 and perfobifdng 4 3ilishAWR
menory device 4000 after device structures 4110 and ;renches 4115
have been for meROSEtfIFR LR PHPeIPPYRY [insciswignip Blagsrialagy? ipdempuaprial
removed. A psocemg. such as etching (e.g., dry etch) may be used to

remove portions of rials 4021, 402 d 4010 openi ngs 552
(FIG 40). The 30 rﬁﬁ-ﬁﬁisﬁ@”w}"r"fqr}sﬂ%‘"%‘}go@{}@F gl 09 as h‘tﬁ?%ﬁmﬁ‘id
4010 (portions HEdBE sheat laacma&heﬁ@Sp@hfivir@rﬁyﬁﬁiﬁ):alfs@mdmrd%\/dn(éeample.
structures 4110, Ea vi ce strycture, 4110 has awdth 411

ot o me RN Bl S T SR e e ey
y-direction. LengtinclddslRposiiingulebilatiidd hytergil 6wk aatetiflam miotdbbeddbi11.
Each trench,, 4115 m ave a,botto n terjal 0, awdth 4116
extendi ng i At h& %gglﬁé?aﬁ]gr@fﬁsﬁﬁ;g"gﬁfmgsItoe gt Hlazﬁlﬂ%ﬁgg;t%ﬁ%d?@v?n t he
y-direction. Lemgtidnl 4k} e fosmaidysi thathakbienidgmesdielbefdiame widitidnal4116.
FIG 42 shows nenor vi ce 400 ter .a terial 42 as _peen
5fornmed, e.g., %?fces e%%s?r }Sglr?,ten 1(%8?? }Slpertf?%l%ﬁce’gh ai 35" ai}gsglér%‘ﬁ Gte
devi ce struct urgstedddl@urihng Gmaddidimabgrbeess. Altrarivedyl, fohidin@ neweeyial 386D ude

mcer il - A pr opboseid ol BT SErRlof Ot A PIL M 1
4210 after 13 i¥2fdomed ties iobeasnlatitremaenalcindithen ddposienponaterth$89%¢e 4000
of FIG 42 into the vias. For clarity, FIG. 38 omits the insulation nalerial and the vias.
Material 3899 may form memory elements of memory cells 3801.
FIG. 39 shows memory device 3000 after additional features of memory
device 3000 have been [ormed. For example, conductive contacts 3980 and

20 3981 and conductive lines 3904 and 3906 have been formed. In some cases,
material for at lcast a portion (e.g., bottom portion) of conductive contacts 3980
may be formed in the same vias (described above with reference to FIG. 38)
where material 3899 is formed. In FIG. 39, conductive lines 3904 and lines
3906 may correspond to conductive lines 204 and conductive lines 2006,

25  respectively, of FIG. 2. Conductive lines 3904 and conductive lines 3906 of FIG.
39 may also correspond to conductive lines 304 and conductive lines 306,
respectively, of FIG. 3.

FIG. 40 through FIG. 49 show processes of forming a memory device
4000 without forming epitaxial silicon to form diodes of the memory device,

30  according to an embodiment of (he invention. Some of the processes used (o
form memory device 500 described above with reference to FIG. 5 through FIG.
16 may be used to from memory device 4000 described herein with reference to

FIG. 40 through FIG. 49. Thus, for simplicity, similar materials and features
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10HG 43 shows nmenory device 4000 after a nmasking structure 950 has
been fornmed over device structures 4110 and material 4210. As shown
in FIG 43wormemkbregs structure 950 includes a pattern defgmsdelogzsses
maski ng portions 951 and openings 952 with width 953 and | ength 954.
FIG 44 shows nenory device 4000 after trenches 4415 have been 15
formed and masking structure 950 (FIG 43) has been renpved. A

renoval proces Sbews‘eh nﬁ:&o@ldébl'c@g)()(cﬂ Fl.,5 (BoNghetiGNI6 4 YnchRrUkede t O
renove portions mat er at openings 952 and a portion of

421
material 4021 ofl BBFﬂ%ﬁ@ﬂlmﬂg%s%4%ﬁre&%%ﬂlﬁawr&@?fceaw bars20 at

openi ngs 952 and t0Pﬁ@rdmshdmﬁd?ﬁﬁyMﬂeém(ﬂbkﬁkrﬁga%strﬁ@@{ibﬁaﬁ@ncr\ 4415
may have a bottom.on nmater 2@(9 4%50 a wi dth 4406 90extending in the
4

y-direction, andu4Pl giaktipls 1B AP H O diher QerfubwaE#8». Lengt h
4;107 i's subs% ansubaute/ct(mlsaapaﬁumpmlm gh@eMﬂéonae&%ﬁgg\igmdﬂ) FIOCIE 44,

t he greater dinensi en renc extends in
the x-directi onm?tFFr“’g Eﬂ%‘n 3?3(5 als%*é&‘ﬂqffoezmﬂT’Glu{j‘bm?%ﬁ”}% (BRot r usi ons
4440 having a peiplaiBie h-tdAkdidpurBienme @’dﬂtdnl(& b.00p péridh) oRkDsitas 406, USi ng
maski ng structutes 550 %dg,\ Cgl 5and 0 (FI G 9% wi th att,e](r)ns t hat
are positi onedutllé’ls’d’é"’r‘i‘?ﬂa AR “’é‘é&fﬁ ?f‘ﬂe‘? PR ETTRRtor IgFTah F G
44 may have a phiepgodifihg pdra@ee.g., boltonﬁbcﬁaonéwf bk 4083TBhth dRYides 4000
after a material 45 as he or ne e.q., by deposition, to fill
Frenches 4436ttt a0 lE Betie b b dmetedzatl Bl BRE R o aR 9 e
y-direction. Nattypﬂsieaﬁcoé(ﬁ]t@rnmnalncl ude i nsul ati on 30material, e.g.,

silicon oxide or other Ins nay i ncl ude
the sane materi al cg)nl%e&eér%t ?ngﬁntggo'{?rﬁ] ty%efm%rt‘téals P’&V 'bﬁ'ffésucg 8 exanpl e,
both material s mﬁwlsamo 4121140)°myy have biffdensinlphgimpixitetion (or doping). FI G

46 s hO\NS rrermr )\ilalllﬁ)? ﬂ Og Ikﬂ'a lOI'l (giat tgée 1111[?31?%?@15- |1Tla.ap%26ﬁ @?d lgan I Zed

e.g., through 0 ex er ?u3|ons
4440. As shbdwn Imtelell @)”Mﬁw hpva}igr@mrmnwmdﬁcmtrm thdnehay ofinatetd i on of
t he sane devi ceypjructures 4110 are i nsul ated from each ot her by

mat eri al 54510, and protrusi ons 4140 al ong the x-direction between

di fferent device FIG. 40 also shows an x-direction, a y-direction perpendicular to the x-

direction, and a z-direction perpendicular to both the x-direction and the y-
direction. As shown in FIG. 40, malterials 4010, 4020, and 4021 may form

20  different layers, one layer over (or on) one or more other layers with respect to
the z-direction.

FIG. 40 also shows a masking structure 550 formed over materials 4010,
4020, and 4021. As shown in FIG. 40, masking structure 550 has a pattern
defined by masking portions 551 and openings 552 with width 553 and length

25 554,

FIG. 41 shows memory device 4000 after device structures 4110 and
trenches 4115 have been formed and masking structure 550 (FIG. 40) has been
removed. A process such as etching (e.g., dry etch) may be used to remove
portions of materials 4021, 4020, and 4010 at openings 552 (FIG. 40). The

30 remaining portions of materials 4021, 4020, and 4010 (portions underneath
masking portions 551) form device structures 4110. Each device structure 4110
has a width 4111 extending in the x-direction and a length 4112 extending in the

y-direction. Length 4112 is substantially greater than width 4111. Each trench
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structures 4110 are insulated fromeach other by material 4210.

Each protrusion 4440 includes a bottomon material 4020 and an

openi ng t o 20m/9t8ped by perineter 4441, As shown in Rc@®udeeaeh
protrusion 4440 includes perineter 4441 surrounded by materials 4510
and 4210 and includes a 10 bottom on material 4020. Since each
protrusion 4440 is formed using masking structures (e.g., 550 of FIG

40 and 950 of Fi@s5 nh3hawiaddu@abh emﬁambm a@vﬁcﬁh PO ckicARGin the x-
per pendi cul arly to each aother perineter may have a EOl ygonal

shape. Each pr ofiféadmprd length ‘H&? frHiendling i }ha é\ﬂé}F‘F“"aeW%M ist our
sidewal | 15 porgubamlaﬂﬁ@&teﬁmmdtﬂaiﬁh and 4629. Since each
protrusion 4440 is fo d u5|n masking structures (e.g., 550 of FIG
40 and 950 of FIG B ?Wsd%ht‘tleoé}‘ ﬂ%’mﬁagﬁ?o alfea aergl ffol{Hys been

per pendi cul as | yfohﬁedeag hbyodeb@yitionE@ G tRhHes 485 @NindAAOddRY s@lctiReshave a

pol ygonal si de defined by id ort| ns 4626, 4627, 4628, and
4629, which are hfrl‘)@lfﬁ‘gb(&heﬁy%f@ L\d%‘ 4‘3‘511 AR %On BacileiSr es of a

menory 90 cel | ,mmﬁbmaso@ﬂm'r DEeatiaymdneial Q1 procks, Budﬁ&@tTMPE by bESisen
4440. FI G 4Z g@% evi.c 4000 aft materials 4722 and
4724 have been P& aH%‘lfe "}?‘f’ﬁ‘f* OO HLS TR0 o RigtiR céF%C“E@f URY 4724

may directly coddvizet00Dal €rG.aks 4210 and 4510 at sidewal | portions

e conduct 81 mat er 140 canys gy frrce AR e PeSRaFelreBino1 ana

4722 may for m atieeh Bmatd @vepdavice efucaradido theand Mategin 42110. 4KQA‘10WB)&1 Fgel ude
conducti ve nmat efd

f
material s 4021 ahdlanﬁu%éfga} Isni[:llu%'ﬁﬁat emvﬁglﬁﬁ%(r%cfgas 15‘%8 If"?ss?lgill e

materi al such a&dmﬁ¢mT$857@m4Wﬂﬂfh93B@ndmngﬂF954ﬂ ng materials 4722 and

4724 may include i N$&5 Ly ng (& e%mda"%' é;ar}lg) &Chggglsllp*gﬁl ties into

mat eri al 4021toformmater| per ormng -a ““%i dat i on
process aft&¥ tloemgy-uny peskingptmétery 95G(HIG.SBY bas deénntmovedt ArrelacdeHOZl to

form .rmt erial ﬁ;;gc%% s such eﬁﬁn&%@g&f@q !@]Qrﬂ?aﬁ%r )Gsegl%/ ha%%v‘l 011;10 fo% er

mat eri al 4899 een orrre . OWs eac rial 4899
havi ng a shape materknl 4216k pprdingc 2?2 asd £ potion & naseriabd)2é xeprpicas ofvatler i al

4899 may e T.orgthalablioR AT £0ke;BI HEL & oFOLIIANG A1 RkG1 4899

may i nclude depositing a chal cogen de-rat e mat er’l
fol l owed by an ‘&ld(ﬂachmalh4ﬂdﬁ®@e§sve(aé>090111 oulnyfuuealelﬁyo wovidlyA4fiSmat er i al

4899. A Con%'CtéxYe%dHBInetﬁé Abiir Y, Qﬁlifaﬁgﬁae%o@\é%mpﬁ@nm% gl de

materi al before the addi tional process tha me naterial 4899 is
per f or rred o) tmgﬂﬂﬂﬁ(@?elﬁ pabistani@di9 geecalar then widb4d0s. ets dhawn ingFIGhéd, the

addi tional pr 0C&SFer afthdnGibN Akl 4¥7) Jfggcmu@&hmai%et&hs A8 a{PexuannC' ude

depositing an insulation material over materials 4210, 4510, and
4724, form ng vieael devicheryorusi4aiQ @horrenrelrisigns 44A davirempediissi t i ng

material 4899 ipue §ih& p)fbtﬁrswh:é)ﬂ{%@ Ial%rfbﬁﬁéd uff ﬁﬁlas‘ﬂﬁlggﬁrﬁcttﬁestﬁQ syl ation
material and the vias. Material 4899 may formnenory el enent's of
nmenory cel | 35 gamd 950 (FIG. 9) with patterns that are positioned perpendicularly to each other,

perimeter 4441 of FIG. 44 may have a polygonal shape.
FIG. 45 shows memory device 4000 after a material 4510 has been
formed, e.g., by deposition, to fill trenches 4415 to insulate protrusions 4440
from each other in the y-direction. Material 4510 may include insulation
30  material, e.g., silicon oxide or other insulation material. Material 4510 may
include the same material composition as that of material 4210. For example,

both materials 4510 and 4210 may include silicon oxide.



FIG 49 shows nenory device 4000 after additional features of nenory
devi ce 4000 have been forned. For exanple, conductive contacts 4980
and 4981 awdcndusti ve |ines 4904 and 4906 have been fromexdoivkrsssone
cases, material for at |least a portion (e.g., bottom portion) of
conductive contacts 4980 15 may be formed in the same vias (described
above with reference to FIG 48) where material 4899 is forned.
Conductive |ines 49GG.amdh&anaitdry ¥&idei406mard oG cHBYS GHak B&RONd t O

conductive lines 204 and conductive |ipes 206, respectively, of FIG
2. Conductive |ﬁﬁ@%‘z"ﬁ%ﬁ’éﬁ%ﬂg@%&&{:‘ﬂgﬂcﬁf%é‘gosﬁ@@@“ﬁ# Blef 49 may

al so corr espondprb@us@As DT iA¥ 8hdvinif F1(R A4, pidithsieANAME hloNEthk iy ARE:t3R6,

90r especti vely, 50.th 58, show ﬁrocesses

of HG 3. Fl ough FI )
of formng a neHdPssaHEdFEss S%W%ﬁﬁﬂ%&}f&{’]@#%@@"‘ Qther By @ateri
si mul t aneous3 y 4300mad peveasiondidosegomrnkl Dataorabetib asferht dehge menory
devi ce, according to Wodi]rre t of tgcﬁ invent.i Ozﬁ.;l Sonme of the
processes used YGFPHF PRPIARTRLe B Y alegak 4l ygh FI G 9516)
and nmenory devi ce 2%éh frbthision284(aiRctudel BSbotidm) onastertyd 40pHadd hrofeningn
menory devi ce 5000 descri bed herei ith reference to FIG t hr ough
Fre La “Thus, Paoe SRRG SRyt Eal A Silud BoiGT” aeh Proiten 220 arong
menory devi ce 508udekb&imdertdnd uerhuddedDy hirialdEnoayd 42e0 heHndblPa ( Fl1 G
25 and FI G ,26).. and nenor vi.ce 5000 of. Fl 50 through FI.G 58
are ot ven b MiokBR R ErEA8 MG o hioh o P e G ikt

structure of nemoetyresiéng. .60 BORIG. Hparkl®50 bi FIGp4H) niith paerdsahdt erered usi ng
cri be bove eference to FIG 25.

processes simlar. . t hose. d : i §
e shonn i 1 Fi Ao plBBRIESTE 1 ABHo RN E Al P LEREBAEAL T SCoh
that a first pohtpeon 5051 of device structures 610 are exposed at

openi ngs 540 and a 0 rtj.on 0 I, tructur 610 is
under neat h maski ng Zﬁtg%t}% ll}{rg %nﬁkg}mfﬁggé@dfeg%?gﬁtﬁgd%tiP ﬂrcstldéwgﬁof menory
devi ce 500014p podticnkh#&26p&ait4688\nnd 623 Sinpecichigiongsiqurdd@ssemedi m | ar
to those descri W e . i.n FIG
51, recesses 26@@%]%3@}{%%@%&&8Feh%’?sgﬁﬁﬁ%g%@ﬁlgs gtg Eﬂ‘?ﬁ?@“@%ﬁ(‘% G
50) has been r ehapvweegbosiborned pependiwlag REapingheardesh profostandgdt®mayascer i al

520. have a polygonal sidewall defined by sidewall portions 4626, 4627, 4628, and
4629, which are surrounded by materials 4510 and 4210. Features of a memory
20  cell, such as a diode may be formed in each protrusion 4440.

FIG. 47 shows memory device 4000 after materials 4722 and 4724 have
been formed in protrusions 4440. Materials 4722 and 4724 may directly contact
materials 4210 and 4510 at sidewall portions 4646, 4647, 4628, and 4629,
Material 4722 may include p-type semiconductor material (e.g., p-type silicon).

25  Materials 4021 and 4722 may form at least a part of a diode. Material 4724 may
include conductive material with a resistivity lower than the resistivity of
materials 4021 and 4722. Material 4724 may include conductive material such
as material 324 of FIG. 3. Forming materials 4722 and 4724 may include
inserting (e.g., implanting) p-type impurities into material 4021 to fonm material

30 4722 and perlorming a silicidalion process alter (the p-lype impurity is inserted
into material 4021 to form material 4724.

FIG. 48 shows memory device 4000 after material 4899 has been formed.

FIG. 48 shows each material 4899 having a shape with a cylindrical structure as

24



FIG 52 shows nenory device 5000 after materials 5220 and 5222 have
10 been fornmed in recesses 2625. Materials 5220 and 5222 may form at
| east a powbizon/of2sa di ode. Materials 5220 and 5222 mawdrasszonmesicy
processes simlar to processes used to formnmaterials 1420 and 1422,
respectively, of HG 14, such that material 5220 of FIG 52 may
include n-type sem conductor naterial and naterial 5222 may include
p-type seni condatdx@nploBiRictial4399 ik &foﬁ%dsﬁmwlmsmcﬁww@mﬁgm

after material s 540 530 (F been renpved b a process
Such as et chi gy 10505 i v g & BHAERGCT R BN DR

mat eri al s 540 a#tts 5ABwed Bﬁir&ﬁdmpmmg@ss Ea?gaary etch) to ﬂahﬁmaéﬁalsﬂsm
menory device 500Q after ce 5454 haye een f or med. ni ngs
5558, " spacer s SRt eE GRS Pa PP PACURalT SRR R 28

90si | i con baSeddddaioﬁzﬂipﬁke$ﬁlagfomlsSllliterml’-llS%)ﬁ stefbrmed, so th(EInﬁtenElEiSS@OWS
menory devi ce 500 OndglEftaiééﬁo terials 5524 ]g;}d 5530 ha e been

forned. Materi af® g%ggrg Cﬁﬂ MBS PORES AN e A PRI neAYe

i ncl ude a nmat er48b may trelude ﬂ@@maﬂig' animsyalahav\aatexﬁzhat?erhhennlesﬂm #3101 y of
materials 5220 a 2. For 524 and 5530

i ncl ude cobal t 7?2 SRR Vl"as i @'gg"f‘ﬁ%[ olnlr%a(F ]aargtﬁ@edeﬂ%ﬂ“é'? g} e§”J‘]5524
and 5530 can be489lé\mt<$axae1anﬁ‘bm1armj FlG.[48 ymaiathe reulhidnederial #dl theaigous| y.

For exanpl e tion process
my be.por f 8 et BRRETD AR a0 S PR R ufp Sy sBSE g Bs3o)

Materi al s 5524 and mmmmmameevmaaﬁ@immracmmomﬂ featmsloamemo]ryt hose
of raLerial e iAol ARSEELRRE RPN (L SIELRIEE bR U S 30%

FI G 56 shows nenor afte eria een
fornmed, e.g., bé}BSdielpr@»nducom lutem49014Iahd éﬂﬂémawgselﬁf&ﬂﬁed Ilb.$0(a‘relca$es 5610 may

i ncl ude i nsul at 1518?1 an'%%?{)lkﬁlapl nc (H} ;gbrt?c;ﬁ gfeco%ucpfe c%ntact's’@‘}goatl on

material. Materia nMposition as
that of mat &Fi amay/egornedin @Racmﬂ \eas (M@%GMWt vish &fﬁﬁm@tcdﬁﬂ 0 may

i nclude sil i CO“wﬁ’e’f%%ean 4839 © for R WonTRIDE Mol Gl 2%l Fifk

materi al 5610 has been
4906 may correspond to conductive lines 204 and conductive lines 206,

respectively, of FIG. 2. Conductive lines 4904 and conductive lines 4906 of FIG.
49 may aiso correspond to conductive lines 304 and conductive lines 306,
20  respectively, of FIG. 3.
FIG. 50 through FIG. 58 show processes of forming a memory device
5000 with conductive materials simultaneously formed over diodes and between
diodes of the memory device, according to an embodiment of the invention.
Some of the proecesses used 1o form memory device 500 (FIG. 5 through FIG.
325 16} and memory device 2500 (FIG. 25 and FIG. 26) may be used to form
memory device 5000 described herein with reference to FIG. 50 through FIG.
58. 'Thus, for simplicity, similar materials and features among memory device
500 (FIG. 5 through FIG. 16), memory device 2500 (FIG. 25 and FIG. 26), and
memory device 5000 of FIG. 50 through FIG. 58 are given the same reference
30  numbers.
In FIG. 50, the structure of memory device 5000 up to this point may be
formed using processes similar to those described above with reference to FIG.

25. As shown in FIG. 50, masking structure 950 includes openings 540 such

25



pl anari zed, e.g., through CWP or etch back, to expose spacers 5424
and material 5 5524. HG 58 shows nenory devi ce 5000 incl uding
menory celwe 200804125t er formati on of additional featuresTafs:emoessys
devi ce 5000, such as el ectrodes 5811 and 5812, nenory el ements 5899,
conductive contacts 5880 and 5881, and conductive |ines 5804 and
5806. Conductive lines 5804 and conductive |ines 105806 may

correspond to camdugitip¥@ioh 50FSf dBAceaREnaO WY Gld ¥fFoskd A@Fend6 540
respectively, of FIG 2. Conductijve |lines 5804 and conductive |ines
5806 of FIG 58"‘%4&3?“3%6“8?}?? %Bf)‘??dlcf‘ SHCEE LY fswadqrpeatidnasking and
conductive |inegmddR,vspespectively, of HG 3. As shown in FIG 58,

each nenory cell 58Q1 i ncl udes di ode forned by at | east
materials 5220 and %@5’%?3‘466@ SHP‘“é‘ieé’gt“F‘B‘a‘éféle‘I%%fé)Q(i}‘P s Beinanayder odes

5812, oneI of 5 mefmhod Lﬁin@ﬁﬁﬂ&s&ﬁs@&lﬂﬁé todsde O&eritel ame;waﬁtr&eré%&i FIG.

Form ng el ectrodes, 5811 | i ncl ude siting_a fjrst insulation

mat eri al over n’g{ )5isapwn % ﬂﬁc%%ig&%ﬁ’&ﬁﬁeﬁ fopmedand maglgne ¢ gy

i nsul ati on nmat edtivadire 980 (FLGhEN hekepesietong. EagQBECIRY BichBésarjoadmi Nt 0

the first vias to forarrlrrg,)%Oel ectrode 5811. For clarity, HG 58 omts
't

the first insul P8 %aterial and the first vi as. Forming menory
el ement 5899 may i ntiG.de sEe@afduidrngevice SOU0ATEr nisitHISIN0 Bnd @22 havadl over

| ectrod 11, f i n i i, di | af i
mator al - afl e RABBUITETG AR R A B he second
vias to form nmepotion of b eivent MatEi@3O522F anid 32 niay Yo fobthdd bypBocedied stmildie

second insul ation materi nd the, 9 d i@,s. oo Fopmon
el ectrodes 5812° lofesls?isc %dl (e)?Odjélﬁléast?r’ta?éﬁé‘d;ang\éﬁﬂ'uf:ets?ei%veﬁ’h?éﬁ(}a%’over

menory el ement ssubi3isk. madkirat$220 d£BICE 81 dayr mnlulken-fype spdcdntvddienag:sin®e Vi as
(second via desgri bed abgye) element s 5899 are forned.

30 Alternativel aﬁld "érettroaes’ %ﬁé@g%@%ﬁ%@uc&r(gﬁeﬁ $ 5899 can be
formed together. FoFl@baniivemdnrydaygesD@cticodasiHBHR aahsBOrEDr y
merory. of enont & BBt ARRST) bl SR aRRT T BoTRE W e 10T
conduct i ve mat eFliea¢m¢vaboffnmtamials 540 and 530 creates openings 5325.
FIG. 54 shows memory device 5000 after spacers 5454 have been formed
in openings 5325. Spacers 5454 may include an insulation material, such as a
20  silicon based material (e.g., silicon oxide).
FIG. 55 shows memory device 5000 after conductive materials 5524 and
5530 have been formed. Materials 3524 and 5530 can be the same material and
may include a material with a resistivity lower than the resistivity of materials
5220 and 5222, Por example, materials 5524 and 5530 may include cobalt
25  silicide or nickel silicide. Since materials 5524 and 5530 can be the same
material, they can be formed simultaneously. For example, after spacers 5454
are formed, a silicidation process may be performed to simultaneously form
materials 5524 and 5530. Materials 5524 and 5530 may include characteristics
sinilar to those of materials 314 and 317 described above with reference to FIG.
30 3.
FIG. 56 shows memory device 5000 after a material 5610 has been
formed, e.g., by deposition, to fill openings 5325. Material 5610 may include

insulation material, e.g., silicon oxide or other insulation material. Material

26



el ectrodes 5812) over the chal cogenide material. Then, an additi onal
process (e.g., dry etch) may be perforned to formindividual nesas
wi th each wezeadoprzkudi ng one nenory el enent 5899 and onemalseabifdss
5812. The additional process may alternatively form(e.g., etch) the
chal cogeni de material and the 5conductive material into |ines
(instead of individual nesas) parallel to |ines 5806, such that each

line includes rrmmmymeﬁﬂenksalﬁ&%&cmao o€i6ibl 2dR8 oPRdidridf1dnutot i pl €
menory cel | s. Cont acts 5880 and 1 and conductive |ines 5880

and 5881 may beFBPHERPI BREHN 3040 f“H’e71f)6}a%éPcci“8ﬁ518‘F°“éﬂ"!éiét rodes 5812.

10HG 59 shows a paridal7 sBhvsdhagpae et se00BRPhMeGe 8hBHaS8RR i ncl udi ng
a nenory cell 5901, ccorlgg) glhéo an enpodi nent of the invention,

Menory devi ce SYBFIFHcE MP pepih backdp Peposs Pagied 2 #drpaiabn g
colums sim#$ars®e the arrangenents of the nenory cells of the nenory

devi ces described a uch as vice 300 (FI menory
devi ce 500 (FIG 16;%%@% PR B VEPE%?%GC]’C‘]—E m?ﬁ‘jry C‘%@ﬁ%‘%]ﬁf@’éw ce
2500 (FIG 29); foﬁﬁﬁﬁﬁysfﬂﬁﬂbﬁzﬂfe’i&@@ of Imbrory 3A%ice 00|, sHEHER eMcretvd 53214000
(FIG 49). Howev [

0 u di fferences y device
5900 of FIG 59“§r?§l-rﬂ]§m8fy ef“‘*ﬁ'éﬁg%y k}‘itlef%‘éonéﬂé?gg Oo"é‘ggﬁ%r‘g@?é{ FIG 59
shows only one ¢aswtye ek F30d20d 55060 Conireifeaintii3es aaf conRidpvalindeVvi ce
5900, such rials 592 90 electr s 5911 and
3012, menor 10 of BREAR sGESRd i et vaEs ALR a9t S Wonduct i ve
i ne 5906. reﬁleetﬁutelyocﬁfaﬁ(}@]ﬂonamﬂvésm samhn{recmaﬁguvehlmemé &¥99. can
be formed with ocesses _sim|lar [ t ha orm ctrodes
5811 and 5812 atd™ T EPEIfEn £ ongihyBe P?esﬁgﬁ%ﬁdﬁ’%‘@‘ fivedin %‘0{93 of FIG
58. 75Materi al sre@@étﬁreamf F5<9232 Asasyoximnnrﬂlﬁtsslmsmeaoxg@em p&m nefy a di ode
of menory cell 0, 5 devi ce
5900 may correslggnciL Ode Og]rl?a sa?%ﬂmagﬁés 55’2@3“%321' & qug%ox%s of
menory devi te 3B01L.ohe Eif éB:ctr8des ak2eonealf meméﬁmcnuﬁzs%amﬁ Mﬁﬂgontdctb
respectively, og gfenory devi ce 500 of HG 16 and nenory device 1700

of FIG 24; nat erlals 2820, 2822, and 2824, 30 respectively, of
menory devi ce 2500 @brnﬁnﬁleczr@slesrﬁﬁtlem)ahtsiuc&zizﬁqsnfﬁzzmst andat®n24,

respectivel y, %mm\wmq@}{glgg%zfiqgfg%pyi%@g% gigs: iﬂgggﬁggasga@ s 4021,

4722, and 4724, respective 49. Thus,
mat eri al s 5920, matgp2nd aeldepostdngcf condnetiveymaterial e BOBOL Gés 1(F[@Bn 59 can

be forned Wzd h M BEEREP. Tor clarity, FIG. 58 omits the first insulation material and the
first vias.

Forming memory element 5899 may include depositing a second
insulation material over electrodes 5811, forming second vias in the second
insulation material, and then depositing a chalcogenide material into the second

25  wvias to form memory elements 5899. For clarity, FIG. 58 omits the second
insulation material and the second vias.

Forming electrodes 5812 may include depositing a conductive material
over memory elements 5899. Electrodes 5812 can be formed in the same vias
(second via described above) where memory elements 5899 are formed.

30  Aliemnatively, electrodes 5812 and memory elements 5899 can be formed
together. For example, forming electrodes 5812 and memory elements 5899
may include depositing a chalcogenide material (to form memory elements

5899) over electrodes 5811 and depositing a conductive material (to form

27



simlar to processes that formthe corresponding nmaterials described
above. Some of the features of nmenory device 5900 shown in FIG

59 can be wohshiobizged for a portion of nenory devi ces 309us26002336300,
2500, 3000, and 5 4000, such that each nmenory cell in each of nenory
devi ces 300, 300, 500, 1700, 2500, 3000, and 4000 descri bed above can
have a structure of nenory cell 5901 shown in FIG 59. For exanple,

the features beliwesms3Bigbidh.28ddend @slaliaaw’fhe‘é%(bdd;ﬁmhpla&ess ,
el ectrodes 5911 and 5912 and nenory el enent 99 of nenory device

5900, can be sdﬁ§bﬂﬂﬁ%%%“?b?em%mﬁF§t%ﬁ%@é%k“@@bmﬁ?sW%%ﬁ??“@ﬁ-deV|ce

300 of FIG 3; wei@hyoRheaRp «1dndPsabh aResRlekcE¥ise . 0 a8iidnhG 16
and nenory device 1700 of FI G 24; nennré el epent 2899 of nenory

devi ce 2500 of HEPESs DY aligmagiel (ambgnelc C%Foﬁé%ﬂl}?l‘*&é\ﬁﬂééﬂesooo of

FIG 39; or sren@afuctlcimbial m&@tlnmmfmdﬂﬁmmq&sék@gﬂdm tofilnés 5888, HG
60 shows a partial 3D diagram of a nmenor Iudlng 15 a

menory cel | 600°Ch Bateaeiding dncugesineniqmy glgm ?1?8931‘1“({?‘1‘1?@%@ adn. “Merory
devi ce 6000 i nchulblgs migabyy BgI0ry cells arranged in rows and col utms

descr i bed above.  SUCTAS ToRGr UL TEEmEs prees e SRy Tevi ce
50;) (FIG 16); mmisarryllcheid tﬁ@foﬂ%nbﬁl@tma’e%)sslmnory deV| ce 2500 (FIG
29); nenory evi ce 4000 FI G
49). Howevel? to fof?fg%8ﬁh‘i"§fé‘%f“ﬁ?§3}%‘ﬁ% Do R W@% 6000
of FIG 60 and 4 hen@y bﬂrsm,rmds(ydm@t\maﬁembammnbtxedmaémm MEdnﬁiy 60
shows only one

no cell. 6001 res of no
5000, such s YR PR som o I SR e FR U g
6012, nenory eltemenirakfeNOnt§ ef e memorg bals@d the lmedﬂrmble&sl dabcxiped above,
TR AR N R T K T
6001. Mat er i3l sdeid2 070060122 94)amelmﬁr®ﬂdv1m"’5ﬁ@3(ﬁb®>ﬂ9()teﬂanmy @&000 300y
correspond to lhal 2 4. respect f menory
devi ce 300 of E?E?32?aﬁ%ﬁéﬁ?ﬁﬁéﬂ%ﬁ@@?gﬁifg) ﬁ‘ﬁwi45H£h¥ggggctlvely,
of menory devi céff&Ga@eB@tvoden Rie@orylBviantPObreMly. S@avd te ob#&@0fenafry FI G 24;
o F1G 20. o sF A s 8 A8 it STRRSHLUR e wBhoRIPH At TO0)
devi ce 3000 of FdiGes cfopenmmyldavize S900abish A0RAGrisk7DRY), SARR ark R4
respectively, o 6020,
6022, and 6024 0 e ggnﬁé?” gé?@eﬁgﬁ%g{?ﬂﬁ?&gﬁmﬁkﬁ be or%r?\gg"l . h
processes S|n1H@n¢E@Wﬁh@é@@%es that formthe correspondlng mat eri al s

descri bed above. 3 e
formed foll ow ng thglef; %ﬁ%?lggg%@nénd;él?aa 2 %%15%%%%%5%9%8%%@&@

shown in FI G 59ocegshesigilange pragassed thatleineelegtpdes 5801 and; 581% ang megrory o, but

having a di fferg&genpﬁg%fﬁgm&gg@mtg@go pEirer 4. el ement descri bed above,
such as nenory el enment 399 of "nenory device 300 of FIG 3, nenory

el ement 1592 of rrerrMaWa]é\ﬁP%@nséW%ﬂanyp@atif@sta@rmrtwmﬁwlow| ce 1700

of FIG 24, menpiyorptansmol. r&ﬁéﬁal%gzﬁeﬂm,xﬁnéw%ﬁnﬁé@@ dBicd 3960 nay
menory el ement 3899 of nenory device 3 9, or nennrg
correspond to materials 321, 322, and 3’74 respectwely, of memory device 30

of FIG. 3; materials 1420, 1422, and 1424, respectively, of memory device 500

of FIG. 16 and memory device 1700 of FIG. 24; materials 2820, 2822, and 2824,
30  respectively, of memory device 2500 ol FIG. 29; materials 3220, 3722, and 3724,

respectively, of memory device 3000 of FIG. 29; and materials 4021, 4722, and

4724, respectively, of memory device 4000 of FIG. 49. Thus, materials 5920,



10 el ement 4899 of nenory device 4000 of HG 49. Thus, in FIG 60,
form ng el ectrode 6011 may include depositing a conductive nmateri al
(i nstead oWoaotohalzeogeni de material) over material 6024cT/US2010088383 Of
the features of nmenory device 6000 shown in FIG 60 can be
substituted for a portion of menory devices 300, 500, 1700, 2500,
3000, and 15 4000, such that each nenory cell in each of nenory

devi ces 300, 30@&25@@59@&ﬁ@mnﬂﬁ&@vk§@ﬁ@0fﬁ@ﬁ@Qm&W@ﬁ%ﬁ@@wﬂﬁ etdshgd
above can have a structure of cell 6001 shown in FI 60. For
exanmpl e, the fe%@ﬁ?é%mﬁﬁ?ﬁﬁgﬁ‘ﬁ%ﬁ@?P%W”@@QWgéﬁﬁm%%HFﬁ@FdGU§G such as

ggggt r odesb6011 and Sﬁﬁia.gfi?élﬂeaMf meled;@m 5?0(9&10@5 u?ﬂGDSB’caﬂ%gi ce

, can be substjtuted for t of mepor evi ce
300 of FIG 3 fo@%%'h?ﬂ BEgopt %S?fgw 5%8 8%%%3%‘%0 dG 16
gnd menory dﬁ;“43030LZ&Q_hﬂfe.idi_ﬂlﬁémcgﬂaellrlﬁwggfglgérﬁ?f?ﬂ&wr.%gg@)dg(ﬁo, Bmm,B(r) yO f
evice 2500 o t of nmenor Vi ce o]
FrG 50: o menh el ShEAe uRoR RS et HO0R e 28 1 n
anot her exanpleﬁmemﬁmmnmﬂmﬁSﬁomieaﬂﬂm@QﬁZman&tﬂ&ﬂﬁﬁﬁmehﬂﬁaﬂimﬁOQQ ofd
25 nmenory devi ce 60 an.also b t|t ed for el ctr 811 an
5812 and menory© 8?'%@ﬁfsgﬁéﬁe%?“ﬁﬁﬁﬁf§ @méﬁﬁ%”% ‘%gﬁééé One or
nmor e enbodi rrent Be10@§ aevidesd0d) edrcbesubstiahddder rgnay elbnisnt 3pTomMmiintvod

having a ne y,dev di odes, cou Each
G ode rmy Bat SAERTFerdG 0 BeGoRRPRaF #Eﬁsﬁlyelw"?%%ce%ﬁﬁbc&s oy

30have a pol ygoamalmemoci,ednaicb 1700hé Fili. Qdlemammyy tlantn dg8)9aof hiemsty deviver i al

of a first Cond’%ﬁﬁo ype {%mogy legne{nt &ggﬁ%ﬂgélﬁ%ra(&\mf‘eﬁﬁﬁg?ﬂf IEB%Qe rglgz'l of

a second conductive
Qt her embodi mentienérpeleneit#§99 q;fohmhntor;odtaice dppaf Bt g9.net hods are

described above wit Ii']"I(I %B%ﬁO%Cae a}u?il fﬂ gin%ram opa glglgh Eilig'ae 6109861{{@616 500

illustrations of apparatus
5 under st anth ngaluémchtheells&(]oucmw@ng)tb dvamb@hmummbdmmrb& Madomot a

compl ete descr i @ 0fRfinAldes LG, RLETPOLS oBed SAM 53 cHlnhlGriter

apparatus that mg Ke Use res descr
to the arrangements of the memory cells of the memory devices described above,

such as memory device 300 (FIG. 3), memory device 500 (FIG. 16); memory
device 1700 (FIG. 24); memory device 2500 (FIG. 29); memory device 3000

20 (FIG. 39); and memory device 4000 (FIG. 49). However, to focus on the
differences between memory device 6000 of FIG. 60 and the other memory
devices described above, FIG. 60 shows only one memory cell 6001 and some
features of memory device 6000, such as materials 6020, 6022, and 6024,
electrodes 6011 and 6012, memory element 6099 (¢.g., a chalcogenide material),

25  conductive contact 6080, and conductive line 6006.

Materials 6020 and 6022 may form at least a portion of a diode of
memory cell 6001. Materials 6020, 6022, and 6024 of memory device 6000 may
correspond to materials 321, 322, and 324, respectively, of memory device 300
of FIG. 3; materials 1420, 1422, and 1424, respectively, of memory device 500

30 of FIG. 16 and memory device 1700 of FIG. 24; materials 2820, 2822, and 2824,
respectively, of memory device 2500 of FIG. 29; materials 3220, 3722, and 3724,
respectively, of memory device 3000 of FIG. 29; and materials 4021, 4722, and
4724, respectively, of memory device 4000 of FIG. 49. Thus, materials 6020,
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The apparatus of various enbodi nents may include or be included in
10el ectronic circuitry used in high-speed conputers, conmunication
and si gnalwprow@sesng circuitry, nmenory nodul es, port aldog/usennnyssecs
storage devices (e.g., thunb drives), single or nmulti-processor

nodul es, single or multiple enbedded processors, nulti-core
processors, data switches, and application-specific nodul es including

mul tilayer, mulég22chi gormdulcasry Rvich6GU0RAFEY, US cAty [rikd Bak prbohages
i ncl uded as sub-,Cﬁgr%)nents Wi tgi n_a variety of electrqnic, systens,

Y
such as tel evisfdy PEresiee Dt foar B someronding magsHal desgisdeRYe: (e. g.
| apt op conputers, desciroe @ONPUHRIGEY ddvaR b dn BOfRHEDBowih @ik et

conputers, etc.), workstation radl vi deo pl rs, . audi o pl ayers
(e.g., MP3 (lvbtfi)"B‘r‘F“ﬁPB 'U?“é“%@@?’t@g%%@’u‘* As wﬁnﬁ@éﬁ B9 Sipeurdls) |
vehi cl es, mesli catcud@yi0ees s(rfilagto, blt@a¥ihg NaFerk M imatddl DR, IR @SGUT ©
nmonitor, etc.), .set top boxes and others The above descri ption
ond ¢ he' dr avi nodent OGRS AR AR RS A9 R SRR SRt oAb
enabl e those skFIlG. &dndniorg dlemait 1 5991 pieactyidedcd 500 o€ Mthdé aRNhan@§ t he
invention. Oher e i may i ncor e structur.al ogical ,
electrical, pro eé?g?%gr?gg E‘%’?Té’rm é’ﬁoé%églggn?Irzggtgﬂ%le’d‘?’a'vdé%%?sobf’gg&f
features or |ik®, mamreryaleteiBedestandnney sauiret3anlt of dHlG y39sermmdnaty f eat ur es
t hr oughout e seve vi.ews. Por.ti s ur es. of e,

ebod ! ment s Grmy IR 0P i B8or 280e AR ofE AL B 6T oo ner s
Many ot her enbodécmedd &1y inbledagdpaditneia doodictheasatafal Gistdal of 0 t he art

upon, o2 0 S UnRGEL ARG o Ny g descr oLt on, The pbstract i
that will allow the Sowadéhe featugs btikényorpdedretc@shbive imEGuélecaahe gi st

of the technical . di i T tract. 4 h b b foh t.he
under st andi ng ?srﬁlg{éltﬁ'fgd t\%lsﬁ&ﬁ%’toq%g&ggye%%tg% %Uﬁ‘t%tr)l%?%[%’ "g((rjb\lg\qﬁr% %ndt he
scope or mesni MPOBfsuttithatehchinmanory sdllan edcl othemore deviews 30, 200r80fbry
device compri si pgh, Af 86SSodoNGUHbN e QiBelOeDA S ARALL S8 di ode
including a first materral of a first conductivity type formed within
t he recess and memsar orlbUihtiominan FI6T. 66 Buevmible duderstréshetweype f or med

within the r ecelﬁﬁéria"ll@(ﬁ4 and contact 6080, such as electrodes 6011 and 6012 and memory
element 6099 of memory device 6000, can be substituted for memory element
20 399 of memory device 300 of FIG. 3; memory element 1599 of memory device
500 of FIG. 16 and memory device 1700 of FIG. 24; memory element 2899 of
memory device 2500 of FIG. 29; memory element 3899 of memory device 3000
of FIG. 39; or memeory element 4899 of memory device 4000 of FIG. 49. In
another example, electrodes 6011 and 6012 and memory element 6099 of
25  memory device 6000 can also be substituted for electrodes 5811 and 5812 and
memory element 5899 of memory device 5000 of FIG. 58.
One or more embodiments described herein include apparatus and
methods having 2 memory device with diodes coupled to memory elements.
Each diode may be formed in a recess of the memory device. The recess may
30  have a polygonal sidewall. The diode may include a first material of a [irst
conductivity type (e.g., n-type) and a second material of a second conductive

type (e.g., p-type) formed within the recess. Other embodiments including
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a nenory el enent coupled to the diode. 10 2. The nenory devi ce of
claim1l1, wherein one of first and second materials includes a single
crystal | i meogbioenzes 3. The nenory device of claiml, wremaisnoihesses
menory el ement includes a naterial |ocated in the recess. 15 4. The
menory device of claim1, wherein the nenory el enent includes a

chal cogenide material. 5. The nmenory device of claiml1l, wherein the

di ode and the nREARGYaldfRkAFBINEE fe 68BM:AEbd 3 wiiBkif@ence el meen a first
conductive line and E{ S? ond conductive line, and wherein the first
and second condttFERES ihes are per pendi cul ar to each other. 6. The

rrerm][y devi cg of cl @ilermastram}ebﬁép@m{adﬂes@@w@??@& a&icte e, koo, BGGdlsd@lSI
95a first side tion; seco Si portion perpendicul ar
to the first s%ghﬁgﬁéﬁhﬁq flgﬁz 50§8t%S?’d‘“gg(g@\/\%’fllmeﬁﬁmqeggl%e?q}endi cul ar
to the seconsl sisdevbl, 3p0r, 4301058028908 sh@BUM RreSh@RIbAL] prp@dd 4 @Reral

per pendi cul ar to the CFhir Si d&ﬁl{#va?_orti n.. 307. The nenory devi ce of

claim6, wherei HIen }Pgr@t%,‘es R e R T N
portions i ncl uddsdripeosall iweadedienaland fe¥iGre Ofi0é D203 MaihideiiNkeonQ23363

of the structures described herein.
The apparatus of various embodiments may include or be included in
10 electronic circuitry used in high-speed comiputers, communication and signal
processing circuitry, memory modules, portable memory storage devices (e.g.,
thumb drives), single or multi-processor modules, single or multiple embedded
processors, multi-core processors, data switches, and application-specific
modules including multilayer, multi-chip modules. Such apparatus may further
15  be included as sub-components within a variety of electronic systems, such as
televisions, cellular telephones, personal computers (e.g., laptop computers,
desktop computers, handheld computers, tablet computers, ctc.), workstations,
radios, video players, audio players (e.g., MP3 (Motion Picture Experts Group,
Audio Layer 3) players), vehicles, medical devices (e.g., hearl monitor, blood
20  pressure monitor, etc.), set top boxes, and others.

The above description and the drawings illustrate some embodiments of
the invention to enable those skilled in the art to practice the embodiments of the
invention. Other embodiments may incorporate structural, logical, electrical,
process, and other changes. In the drawings, like features or like numerals

25  describe substantially similar features throughout the several views. Portions
and features of some embodiments may be included in, or substituted for, those
of others. Many other embodiments will be apparent to those of skill in the art
upon reading and understanding the above description.

The Abstract is provided to comply with 37 C.E.R. §1.72(b) requiring an

30  abstract that will allow the reader to quickly ascertain the nature and gist of (he
technical disclosure. The Abstract is submitted with the understanding that it

will not be used to interpret or limit the scope or meaning of the claims.
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8. The nmenory device of claim®6, wherein the first and third sidewal |
portions include a first insulation material and the second and
fourth si deoabloopresti ons i nclude a second insul ation mecarisadinezsiThe
menory device of claim8, wherein the first material includes silicon
oxi de, and the second material includes silicon nitride. 10. An

apparatus conpri sing: di odes arranged in rows and col umms,
each of the dioogs: it Agind@e:- a first 10material of a first conductivity
type and a second material of a second conductivity type; first

trenches filled with a first insulation material, each of the first
trenches bei ng |.ocatsese w@@@ukm@mgﬂgthe rows; and second trenches
filled wwth a second insulatjon mater| al each of the 15second

trenches being | ocaftdtFeidisietng anayeeie! tifvalol unms, wherein the first
an(cji secon(cji Nt elrl al s dafde atciRa s FirsdiBteOl ol’hlﬁrsddr.dﬂdlﬂ:ﬁv@}]?t@ﬁelﬁiﬁinlédhg first
and second insu mat erj a 11. The apparatus of claiml
wherein the di o‘ﬁ@g ﬁ’ﬁéefcﬁsdé‘n‘% ﬁ’F%ﬁ’%?laE?fﬁdE‘g%ﬁ)‘m&P‘i‘%(ﬁB’BH?OF‘HB%ne of
the rows, and mhﬁﬁﬂmﬁmeaﬁhndlode in the group of diodes includes a

first diode term nal cougr dto flrﬁﬁh@ ductive line and a second
P

di ode term nal coupP&¥™° a@@%ﬁﬁ@eg ve line. 12. The apparatus

of claim1l, wherein the flrst conductlve line is 25perpendicular to
t he second ndict i | ine. p ppar at us F cl fur her
Conprising Tty el BRDEY dlietsPt Rtk offifafe@ord ity
bet ween t he fi riatludendingiticvetallingliwnd one di ode of the group of
di odes.

3 The memory device of claim 1, wherein the memory element includes a

material located in the recess.

15
4. The memory device of claim 1, wherein the memory element includes a

chalcogenide material.

3. The memory device of claim 1, wherein the diode and the memory
20  element are coupled in series between a first conductive line and a second
conductive linc, and wherein the first and second conductive lines are

perpendicular to each other.

6. The memory device of claim 1, wherein the polygonal sidewall includes:
25 a first sidewall portion;
a second sidewall portion perpendicular to the first sidewall portion;
a third sidewall portion perpendicular to the second sidewall portion; and

a fourth sidewall portion perpendicular to the third sidewall portion.

30 7 The memory device of claim 6, wherein the [irs(, second, third, and

fourth sidewall portions include the same material.



30 14. The apparatus of claim 13, wherein the nenory el enents

i nclude a chal cogenide material. W) 2010/091283PCT/ US2010/ 023363

15. The appenratouwsizes cl ai m 10, wherein a thickness of tRma/fs2e191023363
insulation material is greater than a thickness of the second
insulation material. 16. The apparatus of claim 10, wherein at |east
one of the second trenches 5includes a bottom coupled to a conductive

material. 17. ghe alm@afeanb@&lcqt:c@cm]mslﬁhermﬁéﬁmaﬂdhﬁir@mmgti ve

mat eri al includes Hﬁin ion of cobalt and silicon. 1018. A net hod
conpri si ng: W”ﬁﬁ5V§ @ag“%?@ﬂﬁpnpﬁwgﬂfﬂﬁHﬁé?PW%mﬂfwgméﬂeﬁﬂhennry
devi ce t 0 accesgor@ondBFRKY 2 &ciERdul@ibn RalBaDry cell of the menory
devi ce, the nenory device including: a recess including a polygonal
sidewal | ; and 15a di ode coupl ed between the conductive line and the

menory el emest , 9.t he Toe ad@otyrielitlbigim 8f wiicsdin MBTAE ndderiQfinctudbd dilfbn
conductivity ty d W thin t s and,a second material of a

e for ce
second conduct|€%@%§%ﬁ ?%FWQ&”%FPGPH“eﬁﬁﬁ?ﬁéﬁgﬁa 2019. The net hod of

claim 18, wherein the signal is applied during a read operation of
t he menory devigF. 20. The nethad of claim 18, wherein the signal is
appl i ed during mmﬁ?%mgﬁgP 2P GHYBY the nenory device. 95

diodes arranged in rows and columns, each of the diodes include a first
10 material of a first conductivity type and a second material of a second
conductivity type;
first trenches filled with a first insulation material, eacl of the first
trenches being located between two of the rows; and
second trenches filled with a second insulation material, each of the
15  second trenches being located between two of the columns, wherein the first and
second materials of at least one of the diodes contact the first and second

insulation materials.

11.  The apparatus of claim 10, wherein the diodes include a group of diodes
20  arranged in one of the rows, and wherein each diode in the group of diodes
includes a first diode terminal coupled (o a first conductive line and a second

diode terminal coupled to a second conductive line.

12. The apparatus of claim 11, wherein the first conductive line is

25  perpendicular to the second conductive line.

13.  The apparatus of claim 11 further comprising memory elements, each of
the memory elements coupled between the first conductive line and one diode of
the group of diodes.

30
14.  The apparatus of claim 13, wherein the memory elements include a

chalcogenide material.

33



21. A nethod conprising: formng rows and colums of recesses, each
of the recesses having a pol ygonal opening and bei ng surrounded by at
| east one wogodoabizen nmaterial; form ng diodes in the reagaseen/ 02836k
30form ng nenory el ements such that each of the nenory el enents is
coupl ed to one of the diodes. WD 2010/091283PCT/ US2010/ 023363 22.
The met hod of claim 21, wherein formng the di odes includes grow ng

an epitaxial sil3. comheygiaratus I8 @, whdrcid a Bdkh&FbOhe BACAsMtioh he
recesses. 23. The.nethod qf claim 22, wherejin {o_rm' ng t he nenory

el ement s i ncl udBECBYSFoR {3 2 DickRes ebyeircond ingtades BpHler t he

di odes. 24. The nethod of claim 21, wherein form ng the di odes
includes formng a fjrst nmaterial of first conduyctivity type and
forming a secon 'matr%? PRpATBe 0'Cl@‘éb@nﬂﬁ%‘aﬂﬂﬂﬁaﬁWP@&%@H%\?@F&F he
first material.indl0dd2 bdinen eaibleo e DfondlcAidmaddialwherein form ng the
second material includes inplanting inpurities of p-type into the
second material. 26. The nethod of claim24, wherein formng the

di odes i ncl udesiZ or rhagpparafis bhiliich IPatvedrtiathe eveihctive asgiadndudemberi al |

the third materlalb.ﬂjr%ggnr‘:?f retlaﬁ%gﬁlty | ower than a resistivity of the

second mat eri al“°™ &° S¥- cl ai m 21, wherein each of the

recesses includes a sidewall having sidewall portions with different
I nsul ati on ﬂ?t efs’. al X method comprising:
applying a signal to a conductive line of a memory device 1o access a
memory element of a memory cell of the memory device, the memory device
including:
a recess including a polygonal sidewall; and
15 a diode coupled between the conductive line and the memory element,
the dicde including a first material of a first conductivity type formed within the
recess and a second material of a second conductive type formed within the

I€Cess.

20 19.  The method of claim 18, wherein the signal is applied during a read

operation of the memory device.

20.  The method of claim 18, wherein the signal is applied during a write

operation of the memory device.

25
21. A method comprising:
forming rows and columns of recesses, each of the recesses having a
polygonal opening and being surrounded by at least one insulation material;
forming diodes in the recesses; and
30 lorming memory elements such that each of the memory elements is

coupled to one of the diodes.
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90 98. A net hod conpri si ng: form ng device structures over a
substrate, the device structures insulated fromeach other by a first
i nsul ati onwoabmriwel; each of the device structures i nclpgdiusgoovdzed h
and a length, the length extending in a first direction; 25renoving a
portion of the device structures to formtrenches extending in a
second direction perpendicular to the first direction; formng a

second insul ation maheiictbd bitidiRe 1! WIRRGNRSming the diodbSIRBNACE Grodirgiah St
material fromthe device structures to expqgse a_second naterial of

the device struttErESlicanrentPaeriil g vgaeE eash af the FeessScond mat eri al .
WD 2010/ 091283PCT/ US20101023363 99. The nethod of claim 28, wherein
formng the dev#ge ruc&gée_ . i,ng)l,)u es., . formng the second
material over tfe suUBEPFERPLOLEIMEASy WicHr orRing e Slemept dlymenfs RS ¢ he
second nat erj al depb@tinF aPalbogkhidsnab®g i dtgheSlidddst ure over the first
material and the second S5material, the first masking structure
including first openings, each of the first openings having a width
and a | ength, the | angidacthex bfedin2y, Wwherdih@rfing g diidesdadibd foring a

removing a portion aof . th irst, material the first openipngs and a
bortionof tre Latadternafnifopipdbrigtarind uiBehe: an
unrenoved por t i @etondfcofiduetivi® tfpe bsdr tiediremiatdriannd an unr enoved portion
of the secoE@ material format |east a part of the device structures.

30. The nethod of claim 29, wherein renoving the portion of the
devi ce structur®s t dhéortod biscldimedchies:in foahing és second material includes

implanting impurities of p-type into the second material.

26. The method of claim 24, wherein forming the diodes includes forming a
15  third material over the second material, the third material has a resistivity lower

than a resistivity of the second material.

27. The method of claim 21, wherein each of the recesses includes a sidewall

having sidewall porlions with different insulation materials.

20
28. A mecthod comprising:
forming device structures over a substrate, the device structures insulated
from each other by a first insulation material, each of the device structures
including a width and a length, the length extending in a first direction;
25 removing a portion of the device structures to form trenches extending in
a second direction perpendicular to the first direction;
forming a second insulation material in the trenches;
removing a first material from the device structures to expose a second
material of the device structures; and
30 {orming diodes over the second material.
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15form ng a second masking structure over the device structures, the
second maski ng structure including second openi ngs, each of the
second opewongsvbmsing a width and a | ength, the | engtlrcanisendiorsged n
the second direction; and renoving the first nmaterial at the second
openings to formthe trenches. 90 31. The nethod of claim 28,
wherein form ng di odes includes: formng an epitaxial silicon

over the second29rat emt alethb@of dii28, dickdt fopfing e Bée BaaleOincluits:
di odes; and i nserti impurities Into the epitaxial

.in i i e
silicon to forma sd¥5i %%W?’@%laﬁ‘aWé’é%ﬁs%’?“ﬁ‘%@d TBS he it The
met hod of cl ai nm28sial' v iiRistcohiMateiisist material includes insulation

materi al and the second erial. i ncl udes senj.conduct or terial.
3033. The net hod of PR DES RFERETH LBy W gt“ﬁ'emﬂeerﬁ?:"é“gﬁaﬁﬂﬁcﬁ'flures
i ncl udes: 5 mhweid) hgfitheaskieg andnipihatdiagd fildMpEnihddCeaSbIhd Brke,

formng a third material over. the second material,, and formng the
ot e el CorBpE ading vl el e iR efpe A AR

maski ng structusm over the first material, the first nasking
structure including first o e.first. openings having

nin .each of the.
S W ath and'a | engy Rdite APBRGRAP RS FERARSH a0 s rkbiadRi Bfenn,
and renovi ng a qfakd seamd afaterihlent the figst opeaings suah that antubRnfoveddortp@nthags, a
portion of he.second terial at, the fjlrst openin ‘and a portion
Dr et hi r 80 ey oy oh Bno & pin ok b8 e BRER AT xR Aeehoved
portion of the partrofthentatierstatm@nd an unrenoved portion of the second
material, and an unrenoved portion of the third material form at

| east a part of the device structures. 10 34. The nethod of claim 33,
wher ei n renovi n. t h&hporethpdol obdim 2hevidein emosihg he poriesofitie degicen t he

trenches incl Uds%%étures to form the trenches includes:
i5 forming a second masking structure over the device structures, the
second masking structure including second openings, each of the second
openings having a width and a length, the length extending in the second
direction; and

removing the first material at the second openings 1o form the trenches.

31.  The method of claim 28, wherein forming diodes includes:

forming an epitaxial silicon over the second material to form a first
portion of each of the diodes; and

inserting impurities into the epitaxial silicon to form a second portion of

25  each of the diode.

32, The method of claim 28, wherein the first material includes insulation

material and the second material includes semiconductor material.
30 33, The method of claim 28, wherein forming the device structures includes:

forming the second material over the substrate, forming a third material

over the second material, and forming the first material over the third material;
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form ng a second nmasking structure over the device structures, the
second maski ng structure including second openi ngs, each of the
second opewbDngm/beesng a width and a |ength, the |engtrcaxisendiongsd n
t he second 15direction; and renoving the first material at the
second openings to formthe trenches and | eaving at | east a portion
of the third material in the trenches. 35. The nethod of claim 34,

wherein the first neb@fingd firktidskidaricREildvai thOfirs2ANBEL therst ridd@ng econd
mat eri al incl udes sem onduct or materi al %nd the third materia

i ncl udes cond uciti“ﬁ@rerfﬁ‘i neffrst opegings jaaeh ofhe i opgnings Bpvinasswidifyqad ai n

the third mat erhﬂéthlﬂmkﬁgdﬁ@(teadlﬁ@ﬁmh@ﬂﬁgﬂ@ﬂaccﬁﬁl dndckel and 5| licon. 95
37. The met hod of cIa|m29furthﬁ ﬁﬁ r|s|n9 formn %/
el ements over the di"gtRdngapggionphile aigriy AL ae Lishopgal QS\M‘lB?rlé ol

forming menosy @k esvent MatériiC hruichersstIPE RO Sintl b POrich al BOGRMhERmiaL @6 i al
over the di odesf WO . 2010/0 1283PCT/ US2010/ %6% 3 39.. A net hod
conpri si ng: irst PEPIRgS TR 2R Brreneved porigR o SUMACHLdAPe  t he
devi ce struct uresemssdpati@tbffiticaaropaaiteatingd ahyndfoteadpukiah bORe third
material, each of ta(lig%rde jce str(ﬁct c{ﬂgs including a wdth and a

length, the |enJtH" lr"i‘meﬁséaf’?{t e JFRETT on; 5fornming a masking
structure over the device structures, the masking structure including
openi ngs su(?t t f|r f a first terlal f the device
struct ures g e éeh);ipos a8 O(il ﬁfocliad'ﬂgg CUHSHOY S B B%O‘b%fr"[’) EXBf t he
first materi al stmcmmslerfnmamhum’mhesmhdeng structur e each of the
openi ngs having a chqrgnrl]n ailnsg o%d Ine Igrﬁj;t h ctur over@l% 1ce ttreugrgl{eg%le na
second direction perpen FREUF oY e fieYige Y on,

second masking eruclure including second openings, each of the second

openings having a width and a length, the length extending in the second

15  direction; and
removing the first material at the second openings to form the trenches

and leaving at least a portion of the third material in the trenches.
33. The method of claim 34, wherein the first material inclades insulation
20  material, the second material includes semiconductor material, and the third

material includes conductive material.

36. The method of claim 35, wherein the third material includes a

combination of nickel and silicon.

37.  The method of claim 29 further comprising:

forming memory elements over the diodes.

38. The method of claim 37, wherein forming memory elements includes

30  depositing chalcogenide material over the diodes.
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renoving a first portion of a first nmaterial at the openings fromthe
device structures to expose a first portion of a second material of

t he devi cewetusabipges; and form ng di odes over the fir Slcrashiilos:ed
the second material. 15 40. The nethod of claim 39, wherein form ng
the device structures includes: form ng the second nmaterial over the
substrate and formng the first material over the second material;
form ng an addi fgg'_onqdmemmoag,rﬁgg:ucture over the first material and

t he 90second material, .the additional masking structure including
first openings, eacHOBHngsuice FRISHIES HEs iR SPSUHERGVISe siugures Hselagd

I ength, the | engéh c@xtoBREBNG ihsRlatitemb b3 leadl Sr@feldePbe st@BEhres including
renmovi ng a second_ portion of the first material at the first openings

and a portion of¥ ndaldpgd Yeteasth gxlenghingipa fifst digacligfheni ngs such t hat

an unrenoveds 95 por tb@iingof miskiy kindcike FRE AE tdkicedRELnatl, HLRANGYL
portion of the second material format |east a part of the device

structures. 41.SSRECRWRE Bpnipgs spoh ta 2 figh eorEpofrdirtinig ek Weevi ce

structures incl agRs stnfcaidtiafGxbiied &ewipenii@tagd b fdcoMRitchRems ahst r at e,
formng the firstﬁrﬁterlal Oover the second material, and foming a

third material 'GUe2 shadapciipe makdpg siycture, each of thgopenines Baving gy t i onal
nmaski ng st ruct uwRIthone & 1énb@, the feBith BRERIHgAN a sdcbRl BRORAGeBidRIulalo, and
die third nﬁer%aly, he additional masking structure including first
openi ngs, eath Of "Phe™f¥%st openings having a width and a length, the
| engt h ext endi ng i n drh@iadtigofiofi 6£a Mt RRdriaDit thetpbnings from thé €I N9 a
second portion of the first naterjal at th fir,ﬁt @E ni.ngs, a portion
of the Second nUFEPFAIC PO AERT Porich of fariondmarchlar B JRre Birdr.  he
third Smateri alandt the first openings such that an unrenoved portion
of the first materi of the secaond material,

Irn.and.udrgrerm e? ortion ecq
and an unrenoved po?? M5 939t psT %ﬁ lfsgp%?“e‘?r}l% Se“fOBEmalﬁf‘a  east a part
of the devite structures, wherein
40. The methed of claim 39, wherein forming the device structures includes:
forming the second material over the substrate and forming the first
material over the second material;
forming an additional masking structure over the [irst material and the
20  second material, the additional masking structure including first openings, each
of the first openings having a width and a length, the length extending in the first
direction; and
removing a second portion of the first material at the first openings and a
portion of the second material at the first openings such that an unremoved
25  portion of the first material and an unremoved poition of the second material

form at least a part of the device structures.

41.  The method of claim 39, wherein forming the device structures includes:

forming the second material over the substrate, forming the first material

30  over the second material, and forming a third material over the second material;
forming an additional masking structure over the first material, the

second material, and the third material, the additional masking structure

38



renoving the portion of the first material at the openings al so
renoves the portion of the third material to expose the second

mat eri al . W0 24809183 net hod of claim41l, wherein the firgiyiigHkaks
i ncludes insulation nmaterial, the second material includes

sem conductor nmaterial, and the third material includes conductive
material. 1543. The method of claim 39, wherein formng the diodes

i ncl udes: inch@hTiRGoRAnBPbA¥E @b fist J)ﬂcﬁi@]?s IAVRE a Withh SRIGARG M,
material to forma first portion of each of the diode; and

i nserting i mpur ¢ feagthiexersingia thespqord st diriqneid to form a second

portion of each of thigoviit@condBortidttor ddErsIBIIAN a1 HhRpERIAR,; a Wherei n

the insulation material at the openings is unrenpved when the portion
of the first nabBRemA! Geseqoadyipiegal at the Tusrppenings, pskp RoFUicE oAt 8y f ur t her

conpri sing: 95f AnwiNGe HEARE dpeBh TR BacH Ghrehial pe@ichohe tiRe menory
elements is cougl ed in series Wwth gne of the diodes between a first
conductive |i ne™&RHAlANLBERYCIRGHIPD Of 1hg secppdnateniahand qranreragvedq of

claim 39 furt heporGanItieahifDnarl &30 \it Bt § Pt FRRQURG PRI, wHerdh e
first material to expgse a se nfj l{)ortion of the second naterial;
f ormi ng spacer smfnr‘?‘”ngiﬁipﬁlb‘gn 9fﬁt§$ 1 paterpal afy e PPaRIpgs2lso &TaRYSs et t he
second portion gdrtidohe thel thisd m#iveia@ fd eRpose 8RGecond materiflorm ng a third
mat eri al over t he di odes and the second portion of the second
mat eri al .

42, The method of claim 41, wherein the first material includes insulation

material, the second material includes semiconductor material, and the third

miaterial includes conductive material.

15 43.  The method of claim 39, wherein forming the diodes includes:
forming an epitaxial silicon over the second material to form a first
portion of each of the diode; and

inserting impurities into the epitaxial silicon to form a second portion of

each of the diode.

20
44, The method of claim 39, whercin the insulation material at the openings
is unremoved when the portion of the first material is removed.

45.  The method of claim 39 further comprising:

25 forming memory elements such that each of the memory elements is
coupled in series with one of the diodes between a first conductive line and a
second conductive line.

46.  The method of claim 39 further comprising:
30 removing the second portion of the [irst material 1o expose a second

portion of the second material;
forming spacers in openings that are created after removal of the second

portion of the first material; and
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47. The nethod of claim46, wherein the third material has a
resistivity lower 5than a resistivity of the second material. 48.

The appar akvoomfoeds@i m 46, wherein the third materi al ipgalusd@s08s36
conbi nati on of cobalt and silicon. 10 49. A net hod conpri sing:

formng first trenches in a first insulation material over a
substrate, each of the first trenches including a wwdth and a | ength,

the I ength extendi NGodnfing third mhtcfil &G tcQfvded YNGR p&Rbt §6tha!
siliconin the first trenches; 15form ng a masking structure over the

epi taxi al silicBROMPAEThski ng structure includi ng openings, each of
t he openings having a width and a length greater than the width, the
| engt h extendin97in a second direction perpendicular to the first

di recti on; - The methgd pidaing 4éo‘rlier%lh65mﬂwl%lﬁli Ragg realstidiy|l9wssn at

t he openingS5Iegmﬁ@gg@hqgggﬁgggoﬂgﬁﬁggm of the epitaxial silicon
unrenoved; and form ng diodes fromat |east a part of the second
portion of the cpitaxial silicon. 50. The nmethod of claim49, wherein

form ng the di ogies iThebkppRsusioNSGHL46NEher8R tic MRKINMhddRSinhida af i 1 St

conductivity type into ortion of the second portion of the

epi t axi al siIicgﬁﬁmﬁﬂﬂ“aﬁgwgﬁﬁdFhﬁmsecond portion of the epitaxial
silicon includes a second conductivity type. 51. The nethod of claim
50, wherein éor i ng the djodes further includes 30form ng nateri al
having a redf st ’itj\WHR%Lx?Wﬁﬁ“%.resistivity of the epitaxial
silicon. forming first trenches in a first insulation material over a substrate, each

of the first trenches including a width and a length, the length extending in a first
direction;
forming an epitaxial silicon in the first trenches;

15 forming a masking structure over the epitaxial silicon, the masking
structure including openings, each of the openings having a width and a length
greater than the width, the length extending in a second direction perpendicular
to the first direction;

removing a portion of the epilaxial silicon at the openings leaving a
20  second portion of the epitaxial silicon unremoved; and
forming diodes from at least a part of the second portion of the epitaxial

stlicon.

50, The method of claim 49, wherein forming the diodes includes inserting
25  impurities of a first conductivity type into a portion of the second portion of the
epitaxial silicon, and wherein the second portion of the epitaxial silicon includes

a second conductivity type.
51. The method of claim 50, wherein forming the diodes further includes

30  forming material having a resistivity lower (han a resistivity of the epitaxial

silicon.

40



W0O2010/ 091283PCT/ US2010/ 023363 52. The nethod of claim49 further
conpri si ng: formng a first material over the substrate before
the first woenmhemsare fornmed and form ng a second nat edralszenvesssthe
first material before die first trenches are forned; 5form ng an
addi ti onal masking structure over the first and second materials, the
addi tional masking structure including first openings, each of the

fast openings hmll ng"hanmhdabf@@ﬂ@ﬁhﬂ]@g&ﬂlpgg,ggt er than the width, the
| engt h extending in the fi st di rection; enovi ng_ a portion
of the first materi dPHIS &g npateriaf °V8b@ﬁ?‘ﬂ’@‘§at‘é1?%or5“’ﬁmfr6q‘fh‘¥(ﬁ"of t he

second mat eri al foated e tdfrhlh}%ta 640 ind@RalloRerfugy MR 1GeNdiG Erefdré e ik €s and
second trenches bet ween the device structures; filling the

second t r enches™tB°E43 2EH&™ T st i nsul ation material to insulate the

device strucsures frfomigaahddtiarmadig structure over the figsad sa@ntihe second
material fromthe dqw ce tru tu%ﬁ% to formthe first 15tren hes. 53.

The nethod of cPaFPugerd E“H’é m PG ncluding first opepipgs; Figh fhlS e

change nenory efuetrrq:emﬁgsamxhg i ritih #dahem@fh drbieer A SR wedANEESleNERNOr Y
elenments is cou g eﬁliae(ilvvlth one of the di odes between a
90first conduct ’\/ 'In eSS 4% nd conductive line. 54. A method
conpri si ng: fo I’Iéﬁlm@'lgdﬁjbttﬁ)ﬁ oSthe Giest hbeSalaMAE filt Gdhigis aat @ potibe

devi ce structur i nsul. at f rom_each ot her a first insul ation
mter i al s elbh G AERIdRa & B EE e oS e iR g R AR R
| ength greater m'dnahesbh@emtﬁé&nvicbbtmchmgt h extending in a first

di rection; reng structures . to.form

i n
trenches extendi ng t'f\ghng%%se%ﬁld e\[l)“f’sc“élth[r EIEElﬂsrugagogﬁlétﬁnqlﬁ%]t“s%%{%weof
the trenches |ndﬁlv§¢dealcaarwfubhfnadmiha dndngt h greater than the wdth,
die length extendi ngemor{rmag tl?e SLgong mal[enelci'rom @16 device structures to form the first

15  trenches.

53.  The method of claim 49 further comprising:
forming phase change memory elements such that each of the phase
change memory elements is coupled in series with one of the diodes between a

20  first conductive line and a second conductive line.

54. A method comprising:
forming device structures over a substrate, the device structures insulated
from each other by a first insulation material, each of the device structures
25  including a width and a length greater than the width, the length extending in a
first direction;
removing a portion of the device structures to form trenches extending
through the device structures such that each of the trenches includes a width and
a length greater than the width, the length extending in a second direction
30  perpendicular to the first direction such that each of the device structures
includes protrusions, each of the protrusions being between two of the trenches;
and

forming diodes from at least one material of the protrusions.
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30perpendicular to the first direction such that each of the device
structures includes protrusions, each of the protrusions being

bet ween twoabiotobess r enches; and form ng di odes from atpdrasas1008863
material of the protrusions. WO 2010/091283PCT/ US2010/ 023363 55.
The net hod of claimb54, wherein the protrusions includes a materi al

of a first conductivity type, and wherein form ng the diodes includes
inserting inpurities of a second conductivity type into the materi al
of the protrusi s.jﬁ 5%8 E&@Pnethod of claim55, wherein formng
the diodes furtier iMerGHES FGHMPHgVEHRDEPIGrSIPpaIcHYe g i ty
lower than a refissdohdictivityafpe, it vitietelrpgsindhg G bica@Nnclddds Hdertilpe met hod

of claimb54 further. conprisi . formng nmenory el enents coupled to
the di odes. 58. FREE BECB‘F{]%P%H\”Q'}?P%\AHB %i‘%‘ﬁ“ﬁ%?ﬁ%’g}’r‘?tﬂ@oﬂ%mr y
el enments i nc$ udes depositing chal cogenide material over the diodes.
15 56. The method of claim 55, wherein forming the diodes further includes
forming a material having a resistivity lower than a resistivity of the epitaxial

silicon.

10 57 The method of claim 54 further comprising:

forming memory elements coupled to the diodes.

58.  The method of claim 57, wherein forming the memory elements includes
depositing chalcogenide material over the diodes.
15



