METHOD FOR FABRI CATI NG NANO- DEVI CES BACKGROUND 100011lintegrated circuits
(I1Cs) conprising many tens of thousands of sem conductor devices including
conventional conplenentary netal -oxi de sem conductor (CMOS) transistors are
a cornerstone of nod ) [fatel) . chnol ogy node
enters into the 22nn&@ﬂ@ﬁféﬁ?ﬁ&ﬁgﬂéﬁé@ﬁ‘gm@kﬁﬁﬁﬁ enents becone
increasingly nore stringent and CMOS transistors m ght not be able to
accomobdate to the futuristic specifications. It has | ong been contenpl at ed
that a change of transistor's architecture will cone to address the current
technology's limitations. 100021 Th&CKIGRIPENEl ectron tunneling transistor
(SET) is one of the potential novel devices which have recently received
much apo0ent i onntdgetddacidchis (ICSy@inhprisimemanyi gheotidvicadd ofwetiianduitoy danebskw
power consunption. The SET typically transports charges across the source

to thejndhding ohIelRAS Snffefbmtslyendiaisatodd®or (MO HRBLAL LW ERChani sm
is based on the Coul onb bl ockadé effect on a nano-scal e ¢conduction i sl and
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i slands obtainable are greatly limted by the |ithography- process as well
as t helrasitars mightinof beja&ﬁ tq preopmeadatedP t%@@ms@é@n@n&a@nnwv s langbe¢re R E,
O her fabrication techniques that involve using inplantation into Si02
encounteatenaplated chat bickangemfiptaasistot’h erchitpdtamtveill copecb addrescthe atreént and
precisely within the mniature nano-wire structure. 10004] The conventi onal
si ngl ercE¥odasedliithtiénsdepi ct poor stability in the Coul onb bl ockade effect
due to the inevitable quantum nmechani cal co-tunneling process. This results

ot an ot fon ar oo e e L ) DO Y R ARl

QF
i npl ant ation require npl an osages

up to the order of. 1016 or 1017 c .-2 .an ubjecting to extrenely. high
anneal VS Rarieler Gty e Bl bl fudpRaBRG BEEbHED SPE. v ok Tondfjegafhy
contri butes to device int e%r ation concerns, furthernore, ion inplantation
of hi gRddBYagEsT sersupsiono The rg duwristllyoransportaeharges Raioshiic wpven tathe d&dis t he
t hroughput of the fabrication process. The |ocation of the inplanted

speci egaoamp-siks single quantuer datdQEnThe dperatidluedthnisimisdasid drothe Colbonih gh
anneal i ng tenperature of nano-crystals formation Si 02 is undesirable for

t he adblatiade effedinnl Oginoakcalseded@siot htind wisich eaded Qr@@%ﬂgpraﬁbﬂﬁ%ﬂtﬁg

processes of |ow thermal budget. [0005]1n view of the above di scussion,
t hese-fuRhelfn@lch@Pe d8liNhe 818 ELisANGharged by exactly one charge.
[0003] Typically SETs are fabricated by using lithography methods to define the QD
followed by reactive ion etching (RIE) to form the Coulomb islands. However, the sizes of the
Coulomb islands obtainable are greatly limited by the lithography process as well as the
controllability of the chemical vapor deposition (CVD) and the RIE. Other fabrication
techniques that involve using implantation into SiO, encounter difficulties to place the implanted
species accurately and precisely within the miniature nano-wire structure.
[0004] The conventional single-QD-based SETs depict poor stability in the Coulomb
blockade effect due to the inevitable quantum mechanical co-tunneling process. This results in a

higher leakage current in such devices. Nano-crystal formation by implantation of Si into SiO,

was reported to require high implant dosages up to the order of 10'° or 10"’ cm™ and subj ecting
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i npl ement technique for fabricating nultiple-QD based SET devices that have
better stability against the Coul onb bl ockade effect as well as to site the
i npl ant ed speci es at the designated and desired |ocatjon of the device.
SUMVARY dx0omelyehigtoatineeling teraieeatercs © adwet WedarGrryprilby PEati My Tiaho-wires in
ano-devi ces, and. nore particularly tonano-device fabrication sing

end- of ednarigees tEORYicd aftegrttion diicems,dnehermoog ioremplantieonrdthighdiasesssr i ses
providing a substrate with a surface crystalline | ayer over the substrate,

cr eat i HHo@RSIbng aneBok GORknEREeEHSWhith taffects Uid tarmghpytof die fabrécatiayer
formng one or nore fins wwth FOR defects enbedded w thin and oxidi zing the

one or }:rn%&%sg ThO%c fl?%ﬁ {;'fhtjﬁb %ﬁlaﬁfed cfesichth hido B krfth&GandbAN 9 di¥tritfifedM Ih

nan(r)]-gI ystals wt e core or e nano-wire In anot her enbodi nent, the
nmet ho npri.ses .providi ng a subst e W r.fac i '
over MG neEae i RpdeBRiT Sl P ub st e ORAE bkl AR
crystalline layer, forme or nore fins with FOR defects enbedded w thin,
oxi di zidvgnesieciielogisal padeasthEre is ReeddQ o tlaﬂ%pg@%g H’é’cﬁsﬁ‘?fﬁﬁgqgma%'é&qtns to
formone or nore nano oxidizing the one or nore nano -wires to formone
or ful | 06X di Ze diesnet the revedisdustiem dhergisyasieatl $ongntqapntot RS @dof t he
nano-w re,

implement technique for fabricating multiple-QD-based SET devices that have better stability

against the Coulomb blockade effect as well as to site the implanted species at the designated

and desired location of the device.

SUMMARY
[0006] Embodiments relate to a method for fabricating nano-wires in nano-devices, and
more particularly to nano-device fabrication using end-of-range (EOR) defects.
[0007] In one embodiment, the method comprises providing a substrate with a surface
crystalline layer over the substrate, creating end-of-range (EOR) defects in the surface crystalline
layer, forming one or more fins with EOR defects embedded within and oxidizing the one or
more fins to form one or more fully oxidized nano-wires with nano-crystals within the core of
the nano-wire.
[0008] In another embodiment, the method comprises providing a substrate with a surface
crystalline layer over the substrate, creating end-of-range (EOR) defects in the surface crystalline
layer, forming one or more fins with EOR defects embedded within, oxidizing the one or more
fins, removing the oxide from the one or more fins to form one or more nano-wires and
oxidizing the one or more nano-wires to form one or more fully oxidized nano-wires with nano-

crystals within the core of the nano-wire.
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100091These and ot her objects, along with advantages and features of the
present invention herein. disclosed., will become apparent through
reference to the foll ow ng descri ption and the acconpanyi ng draw ngs.

Furt he , It ist e und ood t he features of the various

enbodi f@ﬁf’ E deﬁ??‘f ﬂ@g"tﬁ"err nﬁé"flh’rﬁ"ﬁ%\tﬁg‘? drahates 8T s @ressnt iBygdion; n
various conbi nations and per rrut ations. BRI EF DESCRI PTI ON OF THE DRAW NGS

[ 00101 hsseinithiscipsadi Wigdecomp appasertrthiopsh eferencette tke fpblawing descriptfomrantshe he
sanme parts throughout the different views. Al so, the drawi ngs are not

nec es sarxcbinpanyng daivengse fpinthsirsorienis iseta e gaderstabd yhabdierfgatpteaoé thewpaitus
illustrating the principles of the invention. In the follow ng description,

enbodi ebddinehtsides D@ EeRin ird Yl@ﬂﬁlhﬁﬁllgléﬁ‘clﬁiﬁ%ziﬂ&%ﬂ st th V:2{085 8AGBinhGorshe
foll owi ng drawi ngs, in which: 1001. 1] 1 showsnhodi nent of a device with

a nano. 601 2] Fig. 2a shows a chart correl ating depth of FOR defects
VS. PAadM%eﬁlgP{gayg '0013] Fi gs. 2b-c show side and cross-secti onal vi ews of
vari ous enbodi ments of nano- w res; 100141Fi gs.2d-f show alternative _
enbodi ments of nano-wire arrangenents, 100151Fi gs 3ii-d show plan and side

f enbodi ments of devices incoworatin
views of e BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:

[0011] Fig. 1 shows an embodiment of a device with a nano-wire;

[0012] Fig. 2a shows a chart correlating depth of EOR defects vs. PAI energy;

[0013] Figs. 2b-c show side and cross-sectional views of various embodiments of nano-
wires;

[0014] Figs.2d-f show alternative embodiments of nano-wire arrangements;

[0015] Figs. 3a-d show plan and side views of embodiments of devices incorporating nano-
wires;

[0016] Figs. 4a-i show cross-sectional and plan views of a process for forming a device with
a nano-wire;

[0017] Figs. 5a-b show cross-sectional and plan views of an alternative process for forming a
device with a nano-wire;

[0018] Figs. 6a-c show cross-sectional and plan views of an alternative process for forming a

device with nano-wires;



wi res; [0016] Figs. 4a-i show eross-seetional and plan views of a process
for formng a device with a nano- ire, [0017]Figs, 5a-b show
cross-sectional and plan views of an alternative process for forpming a

devi c400dah aFigante-¢ shovf 0OM-Fictjenal @ad plaghview cofowelisastivopraresader IFraMas ews
of an alternative process for fonning a device wth nano-wres;

[ 0019 ek ks withhadmioShiesw; efidss-sectional and plan "e vs of an alternative
process for formng a device with nano- 100201Fig. 8 shows cross-sectional
and pliggrofi eWpi0R sHEWs 8RS kioRLIAEE PRanVaswd S yBt BifbtRer PRYdesLlonifdrihingno- wi r es,

device with nano-wires.

DETAILED DESCRIPTION
[0021] Embodiments relate to nano-wires and methods of fabricating nano-wires. The nano-
wires can be employed in nano-devices or structures. In one embodiment, the nano-wires are
incorporated in a SET device. Such SET devices can be used to form ICs, such as voltage or
charge state logics. The devices can be incorporated into consumer electronic products, such as
single-electron spectroscopy, electrometers and memory, such as random access memory (RAM)
devices.
[0022] Fig. 1 shows an embodiment of a nano-structure 100. As shown, the nano-structure is
formed on a substrate 101. In one embodiment, the substrate comprises a crystalline-on-
insulator (COI) substrate. The substrate, for example, comprises a top or surface silicon layer
107 and a bulk silicon 103 with a buried oxide (BOX) 105 therebetween to form a silicon-on-
insulator (SOI) substrate. Alternatively, other types of crystalline materials, such as silicon
germanium may also be useful. The surface layer can be patterned to form first and second
contact regions 120 and 130. The contact regions, for example, comprise doped regions formed
on the surface silicon layer. In one embodiment, the doped regions can comprise first polarity
type dopants. The first polarity type dopants, for example, are p-type dopants. Alternatively, n-
type dopants are used to form the doped regions. Providing other types of contact regions may
also be useful. The contact regions, for example, may serve as source and drain pads of a SET.
[0023] Connecting the contact regions is a nano-wire 110. In one embodiment, the nano-
wire comprises an oxide support structure 113 containing nano-crystals or nano-clusters 115.

For example, a few nano-crystals may be clustered together. The support structure of the nano-
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DETAI LED DESCRI PTI ON 10021] Enbodi nents relate to nano-w res and net hods of
fabricating nano-wires. The nano- wres can he enployed i n nano-devi ces or
structures. In one enbodi nent, the nano-wires are in a SET device, Such

SET d e\\z/v%r%\“%gay E Oe Q%rousg-%g%tltogalf QLM 5 ’ex?nt{gl%i & D }’% 0;[71 gg %g?lrne lgfg{it?’%h i%lgﬁtglf%gd ucts,

| ogi cs. VI ces car € ‘I'ncor porate
such as singl e-el ectron spectroscopy, .el ectroneters and nenory, such as
¢ andontPLESTIHEHS VIRRANKT B85 TaY 8150 56 99k o he naBpERSIRNIE NBLEH MRt of a

nano-structure 100. As shown, the nano-structure is foulied on a substrate
101. | disisibatedmmidun thersupperheirunitrst The aarwapsiakasayaaler haveal unifvemsivierns abattor
(coo substrate. The substrate, for exanple, conprises a top or surface

si | i cof-1Cayerin dRhetsnd lasdmd Hstmhtdscthe tdfiBnarotdryaalbund ashoediders MBOXe ukbd

t herebetween to forma silicon-oninsulator (801) substrate, Alternatively,

ot her ﬁﬂd?&’fan?@a‘tﬁﬁ}@ﬁ@ﬁdnioft@yﬁﬁﬁ &fdy@ofprizé & BerBRDARR I ThATBYal 2ITHE nBR -4S QLRI -
The surface l'ayer can be patternéd to foitit first and second cont act

regi on Th 0 1 1 edl.of , j oped

Fegi ond PRl stillle 2ol B alire T O R €01 R G o SARDAGRHAE® e
regi ons can conprise first polarity type dopants. The first polarity type
dogant@?tepabﬂl alsg e vsefllne dopants. Alternatively, n- type dopants are
used to formthe doped regions. Providing other types of contact regions
may al 9824l udepos emippdimenin thecranpegyhals arcfdsrivetispa engenf-rarge(ECR dségtsce and
drain pads of a SET, [0023] Connecting the contact regions is a nano-wre
110. | cregné fremboplieraamdrphiziteomianpdant (P AS process. i BlesP Ahproxesd émplapdois iatoraict ur e
113 contai ni ng nano-crystals or nano-clusters 115. For exanple, a few

nano- CéryShiding sibyraReorGiyest Boeskah QU HINEP AT Rargy PIHOSH 108k (SIC] WBelohpésys nano-

ions, such as Ge', may also be useful. The PAI renders the crystalline material amorphous.
EOR defects are located at the interface of the amorphous and crystalline materials. By selecting
the appropriate implant energy, the EOR defect depth can be precisely controlled in the
crystalline substrate or layer.

[0025] Fig. 2a shows experimental results correlating PAI energy of Si" ions and depth of
EOR. The experiment was conducted by implanting Si* ions in an SOI substrate in which the
surface crystalline layer is about 5000 A thick. The PAI dose is about 1 x 10'® cm™. As
indicated by the graph, depth of EOR defects increases with PAI energy. For example, the
higher the PAI energy, the deeper the EOR defects are from the surface of the crystalline layer.
By selecting the appropriate PAI energy, the EOR defects can be precisely located in a
crystalline material. This enables nano-crystals to be formed with uniform size and distribution
within the nano-wire.

[0026] The ability to uniformly distribute the nano-crystals with uniform size in the nano-
wire ensures the proper function of the device as the spatial distance between nano-crystals
should not be too far apart. In the event adjacent nano-crystals are too far apart, the device will

fail to function as a charge cannot transmit through the insulating SiO,. The charge transfer
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Wi re may have a cross-sectional size of, TM exanple, about 30 - 30 amin

di aneters. Form ng support structures having other sizes may al so be
usethl. The nano-crystals are unformti distributed within the support

st r uct meehanismeisiarpaeugsnachanieal tuanelinen 406 cxample-rRhe teo Avaptudois (no-1 g
in diameter. In some instances, the term nano-crystals and nano-clusters
may hecrysteld) anetie cohapgeaabity, thd ther gracan-tennes talpsneteaye) donopgh He oxideespareielict or
material. The nano-crystals conprise, tbr exanple, silicon. Providing

nano- cih¥$ivahan@tryetahedy thy Beslicatios efa eslngucTae flowtadidadestioneyf fllvs canbiee usef ul .
[0024] I n one enbodi ment, the nano-crystals are derived from end-of -range

(FOR) Qihfika be! BREREhIE b Ri e ApAOPRNL BAk ke Mhed RAMIeRAOGS ot rddiensPAT
process 1 nplant’s 1ons I nt crystalline substrate or |ayer. For exanple

t he PAT j.gplants,silicon ions it t S i i S may
al so @OBZ& ul‘lIxs desordb A?Lanroé%ggﬂg af%%en??@g{og ?@gede%%gé?ﬁglusgggggﬁo%e@ FoRr
defects are |ocated at the interface of the rphous. and.crystal l i ne

mat er | enables e RaPEYSIHg 19 PRDIEHSFly HPGARI Fiﬁ%‘ieaﬁ‘%)cagﬂ’ésr%gf", Ee[vwg. Yef ect

depth can be precisely controlled in the crystalline substrate or |ayer.

[ 0025 1&inbodigent Hemmsnexpystdlsrastiotmedeser muléple psidiginggnopingpiesefyesof Si + i ons
and depth of FOR The experinent was conducted by inplanting Si' ions in an
SOT  supgkmatieeliy,thehaehcrybielsans foamed asiyg b alnglerexidiaingrannealiap putce$000 A t hi ck.
The PAT dose is about 1 x 1016 ma-2. As indicated by the graph, depth of

EOR def&gih$mbohS i18pBe5dodhsdd aRVafRQIiEY colfifiota Mthethe higo-biygakrin bhexfeT
ener gy, the deeper the defects are fromthe surface of the crystalline

| ayer. Ef%)o?(%krﬁ?ttgr ¢ | ¥er R rtgp{é; %éﬁréﬁﬁ% f&gf;&ﬁ('entﬁ&ﬁl 5&?}@%@%&%‘.:3“ be

.S
preci s&f oca ina crys mat er | Thi's enables nano-crystals to

be Ri ith.uni.formsize and distribution 'withint n -V I

[ ooze]rﬁ’gsﬁnbi 15188 2["& ﬁﬂ?"f%‘fﬁrﬂf@ Ca?séfSFF‘b‘IPFLV‘FW% ofkanbud re{?sl'} Gt ghafio- 0 )
size in. the nano- wire ensures the proper function of the device as the
spat i aWirgh-sReleaangiethie b, anscijistldPds 2rom dNamercrpials b1 srgdistabyted ing, ¢ pe
event adj acent nano-crystals are too far apart, the device wll fail to

f unct i singlesow wilten ¢e wanivate. t Aastomin intthe eaggseetian, thesaaafinggo-snels mae
charge transfer nmechanismis by quantum nechani cal tunneling. For exanple,
when t wRnaeapluAligdfhaheanstals Gnasbakyal aleteksd Rrbuidingproxi ofisingle trystalsioar ge
can tunnel (or penetrate) through the oxide separating the two

nano- CF%@%&E& 91%{ of Qﬁil@BQlllci-Gﬁrs'@a&rhnﬁfn-gﬂ@-cf}Js&Wclﬁﬂ@rs%i}eﬂI;d gougfulf | ow can be

ti ! :
controll y, for exanple, "applying he appropriate bias voltage between
the Com(ﬁgi ' e[%'fgg.%c, nano-crystals 113 are distributed in multiple rows 112,.,, whereinn is a

whole number. The nano-crystals are, for example, distributed in 3 rows. The nano-crystals
may also be distributed in other number of rows. The number of rows may depend on, for
example, the size of the support structure and nano-crystals. As shown in the cross section, the
row of nano-crystals may include a plurality of nano-crystals or nano-crystal clusters. Providing
a row of single crystals or a combination of single nano-crystals and nano-crystal clusters may
also be useful.

[0030] As shown in Fig. 1, a single nano-wire is coupled between the first and second
contact regions. In other embodiments, multiple nano-wires can be provided to increase current
flow between the contact regions. For example, first and second nano-wires 110; and 110, can

be arranged in a column in the y direction between first and second contact regions 120 and 130,
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100271As described, nano-crystals are derived from EOR defects. The use of
EOR defects enables the nano-crystals to be precisely |ocated at desired
| ocations of a device. In one enbodi nent, the nano-crystals are fornmed from

mul ti pl e,oxidizi ng.apheal i.n rocesses. . Al ternativel t he. nano-crystals
ore t odndh fig 2o STRE e A S SRRBRRT IS FiET Brstiatte, LIFPRERGHER T ol an
dosages and annealing conditions to faormthe nano-c¢rystals in an oxide
suppor {TEEERERty TEo A Be TRRE than e NRRGTETSSdf ther iR du gt seanAn hegrsiul.
silicon nano-w res. 100281Fi gs. 2b-e show d and cross-sectional views of
var i oudltemmbodilyvernlerabty efamoo-wiisrlé81.m,Retiare ni hg, aro aFarged i a rew mathieoc wi r 110
is shown. Nano-crystals 113 are distributed in a single row wthin the
nano- wliretioAdetsivemfirst and beoad osiagecgioan] 2 diel 13oyasshonane oy Pt &l getideher
include a plurality of nano-crystals or nano-crystal clusters. Providing a

row of erabdimentS! Mkl cSnab-wArGHR) Bradroie@in B4tALbRMNARR 6 Y ealichsaMdr
nano-crystal clusters may al so be useful. [00291In Fig. 2c nano-crystals

113 ar 6 AL AVLA B ITHLA AL 1Y e WISTRLelPad AN BUIBEL, The

nano-crystal’s are, ribu € ‘nano-crystal s

may al so be, distrihbuted.in other. nunber aof rows. The punber ows may
degendWHFS- ,‘?‘ga@glﬁ&g‘ﬁﬁ‘f“gflpﬁ?éngi“ﬂ‘@sb‘? OfRBSISYPRBIES MEy A BtbﬁﬂléeiﬁL ILOLS
nano-crystals. As shown in the cross section, the row of nano-crystals my
i ncl udenkodimantatherpulgplenpse-aiiees are areanged iy 28N nedtist ers. Provi ding a row of
single crystals or a conbination of single nano-crystals and nano-crystal
cl ust efl®3hjpy a&ligsGabkowsplhnlknd fid6 IwAL fahiewiteiimcopparatirlg a @ar®-wgt 80 haAe- wi r e
is coupled between the first and second contact regions. In other

enbodi yiRinS theelick BbRPpAMIQ tratkisR heAAg AP dpy-8ViAded2t Rrinde beR&en &l¥ dogRke fl ow
bet ween the contact regions. For exanple, first and second nano-wires 1101

and 1 ’363%dlﬁ?aiﬂ§)5@§@?%ér21}]%1a%g%\w}@stjrﬁl:tﬁxjg%off. fd 8644 RiBEIMEEN blush and

second contact regrons 1

shown, instead of having only one nano-wire, the device has multiple nano-wires 303 arranged
in, for example, a row. Fig. 3c shows plan and side views of an alternative embodiment with
multiple nano-wires 325 arranged in, for example, a column between the drain and source pads.
As shown, the column includes twin nano-wires. Providing other number of nano-wires in a
column may also be useful.

[0032] In yet other embodiments, multiple rows and columns of nano-wires 330, as shown in
Fig. 3d, may also be utilized. For example, the multiple nano-wires may be arranged in a 2x2
matrix of nano-wires. Arranging the multiple nano-wires in other size matrices may also be
useful. For example, the multiple nano-wires may be arranged in a 2xm matrix. Increasing the
number of nano-wires, such as having multiple rows and/or columns of nano-wires, increases the
net effective drive current as well as improves device reliability.

[0033] Figs. 4a-g show cross-sectional (A) and plan (B) views of an embodiment of a
process 400 for forming a nano-wire. The cross-sectional view is taken along the axis y-y’.
Referring to Fig. 4a, a substrate 401 is provided. The substrate, in one embodiment, comprises a

COI substrate. A COI substrate includes a bulk crystalline layer 403 and a surface crystalline
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as shown in Fig, 2d. The first and second nano-wires form for exanple, a
tw n nanowi re arrangenent. Providing nore than two nano-wires in the colum
direction may al so be useful. Alternatively, a plurality of nano-wires 110"
wher e lay&,408rsepantedhyed insulaging dayer A03, mefereditor asct BOX. Hdehebnerystplliae anghd
second contact regions 120 and 130, as shown in Fig. 2e, In yet other

enbodi ippLs crgmuludep&ﬁrmasacmf,ﬁ@ sittaonlBi)pe GhdeSOI subsohte. Ohartypeand r ow
directions. For exanple, as shown in Fig. 2f, the multiple nano-w res may

be ar r&?&@ﬁn@%a@ﬁﬁ%@s_ {dsisXi@h RARA W 0f Bernf¥Mig hidg.alsohe vlktul.i pl e
nano-wires i n other size matrices nmay al so be useful, in one enbodi nent,
the nmul ti.pl € nanow,fes I Y Bl 1F] 3a shows
pl an a@bbgﬂ deri i%é%ivé{”oq‘ so?%g@{lggé}?ﬁgéér %51?1 g‘?léng a %gt?laé?\%\hg ?%&301&‘3% shown,

t he device _conprises a transi.stor having Poly-Si gate.321 forned between
the sotipbedipspt, §¥§E§°§ r‘i’éﬁsiﬁ CMRTISSPIEPTesHRre Fﬁ? ﬁ%é ﬁ‘ﬁﬁ&m%%l%? forgied bEsEFC 01 |
Fig, 3bis simlar to Fig. 3a, but as shown, instead of having only one
nano- wiecliqudse The voft earlass natiictriep (te prepis AROPERNG (Y SEICERAYRILBIOCESSTEGRE exanpl e,
a row Fig, 3c shows plan and side views of an alternative enbodi ment wth
mul ti piubstiano-Ratte@sngXAb sait neaskjegh baachfeved by actpitevelyaexpobingtt th en expasurehe
drain and source pads. As shown, the colum includes tw n nano-w res

Provi di e Ok i h photoRAEk EntAAMNG1ME d@Sred Patber.0THEEo iRyl dovdiepadsion| .
[ 60321i n yet ot ﬁer enbodi ments, nmultiple rows and col uims of nano-w res

330. s R Redide glgg)ggé‘iﬁyof%%g?&né&k!tb kel Sk exanpl e, the multiple

nano- W r'es may in a matri x of nano-wires. Arranging the

mul tip no-wires in.other..size matrices. S exanpl e,
t he rruh%lz‘gfe rﬁf&‘m‘?egétﬁﬂ%plﬂg PR EeE 1) 1-r§ﬁ %&eﬁg?t?f%(&ﬁﬁ?g Ifl%eal{ ?‘%g t he
nunber of nano-w res, such as havin Iy}]l%e rows and/ or. col unms. of

nano- whtieegy) maycdegueuded brlowdhe gt wass e 0% GRATBIE, 1YY hied} OT8ANIE Y5 oy es
device reliability. [0033]Figs. 4a-g show cross-sectional (A). and plan (13)
vi ews oforganiceABEdiOthertypds of ARG owderialiopay also be psfifirlg Vaarioan chiigecs, T8 as
cross-sectional viewis taken along the axis y-y'. Referring to Fig. 4a, a
subst r atvid d0sbih 6n, Ay skedhpldhel oubsi ttrtARCi Tho pertemvddieRE exposedibysks a Cal
substrate. A CO substrate includes a bulk crystalline |ayer 403 and a

sur f acg eyt A hal® midANEfenfiVéd B8 BF Slagfhld¥in ANisbRshit atch BEcH @peict#0%on
referr to as a BOX "The bul k crystalline and surface crystalline |ayers

may con{%ﬁigf\Esi licon Si) to forma SO substrate. O her types of
cr ystaF rq it ech as silicon germaniumor geltitanium my al so be useful.

190341l n Fig. 4b, a soft nask ] ayer 480,15 fo on _the bstrate .surface.
I onelBRBbA e SRR SratR e e B HBUET s SPst e Sopdd Sk Y hay
be forned b]g ggi n on techniques. The soft mask is patter neﬂ&t oﬂgre te an
openi neenige (EQR) defiesty 423 ipihe sedagerrgystalina g aae ephedigicnt fis FAR debets mask
can be achieved by selectively exposing it to an exposure source wWth a
phot omasicreaed lay nprecarhdrphideson el pa (P &Hn ThRA Isehsforms kn wppedeveirtised af t er
exposure, transferring he pattern of the photomask to the soft mask.

10035. 33RionMRk QY thel sutthedrafbiliae [£80loUn Admvrplesusda) lay¢refioe etdnyge abaPAhg ( ARC)

| ayer (not
’ transforms the surface crystalline Si layer to an a-Si layer. A lower portion 427 of the surface
crystalline layer below the EOR defects remains crystalline in structure.
[0037] The PAI may implant various types of ions into the substrate. For example, the PAI
may implant Si* or Ge" ions into the surface crystalline layer. Implanting other types of ions or a

combination of different types of ions may also be useful. The parameters of the PAIl may be

tailored to produce EOR defects at the desired depth in the surface crystalline layer. In one



shown) may be provided bel ow the soft mask. The ARC, for exanple, may be an
organic or inorganic ARC. Qther types of ARC matenals may al so be useful.
Vari ous techni ques, such as CVD or spin on, may be enployed to formthe

ARC. The rtion aof the osed by the patterned soff _mask may be

r enov e'aan&?‘mreBF r&éeglgﬁaﬁllo&d%ﬁﬁ ]gﬁﬁé%?“‘r%‘pf%g CRROUHS W, l%@“?‘éﬁt@ie\%mﬁﬂ%@s)ﬁf
(RIE). /100361I.n one enbodi nent, as shown in Fig. 4c, the substrate is

pr oces$edanervaredats fampdof - range (EOR) defects 422 in the surface
crystalline layer. In one enbodi nent, the FOR defects are created by a
pr e- anf0p8] zatlhoneapmbodimeRAlhe doFhef Brlinptaan sfauldrbe aufficippen fomm sanofagstals
portion 426 of the surface crystalli.ne |ayer to an anoi phous (a) | ayer,

For exafthltige ddstred Bilrivution s Ok MEnd-RereSTRE BEMaRId6SE Bdikdspndito liRYEOR RN a- Si
| ayer. A lower portion 427 of the surface crystalline | ayer bel ow the FOR

def ect gefsRYREHSe g{éﬂi i %S@gg%ﬂglgrﬂﬁg%ﬁ%ggﬁﬁﬁﬁhﬁymio I 'ant various

types of i1ons into the suBstrate. np y inplant Si+ or

GeF ions.ipto the surfac [ al | i ne. r. . i t her types, of ions
or a conbirt IR PYGrRER) BRhD R Bieh Y Rk ERB e oty S Wi

par arreﬁﬁr sq?gf the PAL may be tailored to produce EOR defects at the desired
dept h FARtdrdecs dppsily anay Bedesirablpe Forgrampla, sorga EORe Aefsels mandisselve dpeéat i on of
the FOR defects corresponds to the |ocation of the nano-crystals of the

. nano- virroas tleerivel proeesees. of [H0BBtI taticomeo @b ody heving athigh OB eletict ddwsity rthisant
shoul d be sufficient to formnano-crystals with the desired distribution in

t he namapehduge thelfernmadiohafhastoses@BrHaeERane dedired dhtrittBnde kg6t o fdeRSIFIROR For
exanpl e, the higher the dose, the higher the FOR defect density. In one

enbodi g@adts dbie: See&sBBOW ShdEnBodimbaNtHp AN clwge §Ord AW 1098, EQR QelfogR%-

density as FOR defect density may be desirable. For exanple, some F

def ects ﬁEy i e i e I ocesses .of rication
process. ypﬁg%%y%tﬁﬁa%ésgﬁggeﬁ§§Fb§‘e([neg‘? Cttsy, RS m%QI%W;Hﬁ%ﬁgﬁgo$o%ti on
of : nano-crystals having. desired. distribution in spite of |oss of FOR
def ect esneag}%/zfrﬁ Qelﬁ?tS‘i?s%‘%?‘FBH‘?lp'ﬁn&%hlé%éléﬁ %ﬁ?ﬁmf* tyepaln Y§saodimeng,ihe PAT1 oEs
crif2 tol x 1017 cm. The PAI energy determ nes the depth of [OR defects.

| n onedaspigndcnesay arasslecRAto duye fidhtareerphipingthe sedicserwiallies layeiof thaCOy

anor phi zing the crystalline layer. In one enbodi nent, the PAl dose and

ener gysuasteatsel ected to avoid fully anorphizing the surface crystalline
layer of the CO substrate. 10039] Referring to Fig. 4d, the soft mask 480
may bejonsopVekefafihgto Fi?ml)d/,&he sdthRaSUPSH fay Be teneHl] adteRri @ afMh@8RRhtet O

recrystallize the a-Si [ayer to forma crystalline |ayer 428 The anneal,
for ex . Ry WePP r.ed ' ; ling
proceég, Jggegxanﬁ?@?aggfégﬂgﬂgégﬁfﬁg#lﬁggggh%ﬁﬂ%%&%ﬁgmgﬁ&gfgéﬁngﬁ%eaIing
may al so be.used. The anneal shoyld have a.suffijci |y low thermal budget
o r edlIRe oot 3y BBl REREEey & S JTap BeiaEa e fbr i eoe SHeah 3 so
stabilizes the_defects which reduces their susceptibility to dissolution by
f ur t heampés, yaike greselingdaser ppneghag enfled avaerlingney dpmbarsedohbeirsesgl a. | ow
tenperature RD-k. Perfonnin,g an anneal while maintaining a sufficiently lo
yv t heshould Havd gsuffiesintly low flearmal budget to reduce or avoid excessive dissolution of EOR

defects. The anneal also stabilizes the defects which reduces their susceptibility to dissolution by
further thermal processes. In one embodiment, the anneal comprises a low temperature RTA.
Performing an anneal while maintaining a sufficiently low thermal budget using other
parameters may also be useful.

[0040] A mask 482 is formed over the substrate. The mask may comprise a hard mask layer
which can be a silicon oxide or silicon nitride layer. Other types of hard mask materials or

masks may also be useful. For example, the mask may comprise photoresist. The hard mask
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paranmeters may al so be useful. 100401A mask 482 is fbrined over the
substrate. The mask may conprise a hard mask | ayer which can be a silicon
oxide or silicon nitride layer. O her types of hard mask material s or masks
may al may keilitsefaurhoreRonfoemangdeyalk dtching s Khavmgskcio ppitéraed isristestieddy 8¥posghe
hard mask may facilitate a nore conformal d all etching. The mask is

patt eWoﬁspofStﬁb efistrvelty be xpesedp o bhoasbafimbietlswhskiapateredbe exmsoved. | n
one enbodi nentnask is patterned to expose portions of the surface

cryst af‘r)’r(%)lj\[/lglgs SBKE Etﬁlf’eﬁz‘é IR tER 19Eefal g FOIR 880y BélremldVed ETROSGDs@DT T ONS

are re as shown i'n Fig. 4e. Renoval of the exposed portions can be

achi eved .by, -for exanple i4S0tr.0n| i8¢l f or s
i (EDE R T g B e e A
fin or post connected to first an ecqond regi.ons 4 d .43Q. The

i dt b BF SEHEDI T BHSHBRE Sty SHRne 6 <68 PR ? EB AP oD AL B T er

di mensi ons may al so be useful. 100411As shown in Fi g(? 4f , (Lhe -fin or post
450 i sdefriteli eehe enptwdiment; the gichdporese Br pepost sprsieaied 6¢ fifshanhigegn | ayer.
Oxidizing the fin, in one enbodinent, forns a crystalline nano-wire core

452. | feginetine anéxa0plies wiabdh df therfg dripestfray baahowt 20-80 Inirs drprmargoiing ofethsr e.
The nano-wire for exanple, conprises crystalline material 454 surroundi ng

FOR defigednSiofid dray @sobedisérut.he fin is achieved by subjecting the substrate
to an anneal in an oxidizing anbient. In one enbodi nent cc anneal is

enpl Oyﬁﬂ)‘éﬂﬁehe&s &%%%n%gg.a@ﬂﬁ@h oM BYst480 idkitis &S, UThe fiRisQUXedigan g fRfdval t he

anneal "1's rforned at tenperature of about 1100C for about 5 hours in an
oxi di zi nbj ent.. Form ng the nano-wre f.0 1 hin _oxi Jeayer
" ot neF O arrkne ke, crygrarhanagel SulplRbal i R A Ehabo i ey
for exanple, the pad r egqigfé‘{,o,0421l n ?ne enmphodi nent, .the oxj.de is renpved
sel ect e Ingnofer gxample, oxidigag dhs i formg 2 SEICORBARO-MIGEOBk i ot WOP OIS Fig t he
nano-wire core and on the surface of the crystalline material of the
subst r &rexamplee poweikes Tiystabliciedeateal Y Aswaenriging EQR defesirpte; Quidigingrihe fihe
etch, in one enbodi nent, conprises a wet etch. Qther types of etch which
can selerhieved by sesjaiag tiesudxirste tean smealdh ag ok hizingambint. eneor eméndingnt,t he
surface of the crystalline substrate may also be useful. 100431Renoving the
oxi di g, ROLd 42BN 19EmplaGed 0SthePFypki Bf diAEAS niyR&RdLeWse Rl 4 bborkQubodihent,

the anneal is performed at a temperature of about 1100 °C for about 5 hours in an oxidizing

ambient. Forming the nano-wire core may also form a thin oxide layer in other parts of the

crystalline layer exposed by the removal of the mask, for example, the pad regions.

[0042] In one embodiment, the oxide is removed selective to the crystalline material. For

example, the oxide surrounding the nano-wire core and on the surface of the crystalline material

of the substrate is removed. The oxide is removed by, for example, an etch. The etch, in one

embodiment, comprises a wet etch. Other types of etch which can selectively remove the oxide

surrounding the nano-wire core and on the surface of the crystalline substrate may also be useful.

[0043] Removing the oxidized portions of the post or fin forms a nano-wire 455 coupled

with the remaining portions of the surface crystalline layer 407, as shown in Fig. 4g. For

example, the nano-wire is coupled to the pad regions. The substrate, in one embodiment, is

annealed to transform the EOR defects into nano-crystals or clusters, as shown in Fig. 4h. For
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with the remaining portions of the surface crystalline |ayer 407, as shown
in Fig. 49. For exanple, the nano-wire is coupled to the pad regions. The
substrate, in one enbodinment, is annealed to transformthe FOR defects into
nano- cry.S (. clusters,.as.shown in.Fig. .4h. For exanple, the anneal
oxt a 22 g S o SR QM Birk it R byme S Bt e
crystallizes the defects to formnano-crystals in he upport structure,
in one@ﬁﬁ@&??‘r@ﬁt&%ﬁﬁfggﬁ% o sels whe pwart stryclire. Jrioae smkgdiaBi-ent .
QO her types of anneal or annealing process paraneters may also be useful.
The antheanngphyomprgsstanannesl trtﬁnwomgizm anitfient o Pthdrdymgof aseeaboesedew of t he
pad regions. The thin oxide filmmay be renoved by, for exanple, a fast dip
i n di | pbedks pdfanstdrsiriagnlsoGehreful. eThnamesianiyoilss &mvd thih btiee filhoned de film
may al so be useful. 100441' The process continues, for exanple, to fortn a

SET. ThefaBasnd Sliéd oMAe pAPlegRRMPh&hi® 85ME I8 nSRAWLHIVAL By, 1694310
transi stor coupl ed bye?he e%ano-wi re.1 Thle clont act pads argy’coupl gg) t’))% fgsﬁe

nano- Wi: o ¥ i; ' t he sulstrate.
The gy 4yRRdrl R, her EuBiEs BXEhe) BeRRPRE] 08 R b IS BEIRT “at e
material . .such as a netal gate, may also be useful. The gate |ayer, for
exarrpl‘és,eﬁﬂ'an be fOrnmed by chem cal vapor deposition (CVvD). O her techniques
may al so be useful. The gate |ayer, for exanple is about 1300 A The gate
| ayer [0844lat t Jﬁwmceﬁ%cqngnwafqrrea@@pwm. forrh @ St eThespadshiginns, feronpmpkes a
T-shaped gate. Providing a gate with, other shapes may al so be useful.
Pat t erseirvecpssbutdesirgatregiomsyo fladraasihioe veupledbnthe rhos-vweararfesconant gads a6t r opi C
etch. such as a RIP selective to oxide. The gate is separated fromthe
sour cedodpRidby tBgh@swasd cov -rs the nano-wire, 1004611 n one enbodi nent,
t he pad regions are doped with dopants of a first polarity type to form
sourc in g i i.se a
o typa Ped o PRERE 4R Y ierTopoR iR o IR R R e ASK PR BN GRARbID D

dopant s_may conpr.i.se bqron (B ile n-type. dopants conprise sphor us
(P) andlP8F™& B‘gg{?l C((Ihs(?{he‘ﬁ*%egc%ﬁl\%&ec’?la%%g Qwsﬁénﬁtﬁlp@&ﬂﬁy@sq lFFeusgg'ﬁ'e has
been patterned. Doping the contact pads at other stage of processing may

al so bENq %S li’iy.era@%@P%P‘W%@Fﬁ@dghéh%ﬁ@d@wmsgﬁy (GX%écﬁﬁtWed usi ng,
for exanple, an inplant mask. The doping of the pads and gate is conpatible
to curtedmiquevdsymlsckssesil. Thoag]asr,desoritpddis shosti BHOeA.Phhe grtobgsisisi s
performed to forma single row of nano-crystals or clusters in a nano-wre,
as i | |pssternatieol fart &zge 420). Thergne,heshewhadhipeiRésa TahARed0. B o@ihghesdor med
with a plurality of rows of nano-crystals or clusters as illustrated in

Fi 9. 26ith dhef SapedMhl bRb Be LOWRI. PAARALA gﬁr’tﬁ% %%]tﬁ n,r%@r @O#h?év'e& Msiﬁé, HET

processes are performnmed. For exanple, rows of nano-crystals

or cl L&taglrpfe, afl aﬂﬁg@gﬂlc gtfch ISD&TI a%raoﬁﬁssse?esctiives: tP &[iﬁé?i '?flg gdte -irshs%parated from the

source/drain regions and covers the nano-wire.

[0046] In one embodiment, the pad regions are doped with dopants of a first polarity type to
form source/drain regions of the SET. The first polarity type may comprise a p-type for a PMOS
SET or an n-type for a NMOS SET. For example, p-type dopants may comprise boron (B) while
n-type dopants may comprise phosphorus (P) and/or arsenic (As). The contact pads may be
doped after the gate has been patterned. Doping the contact pads at other stage of processing may
also be useful. Selectively doping the contact pads may be achieved using, for example, an

implant mask. The doping of the pads and gate is compatible to current CMOS processes.
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di fferent PAI processes are perforned with different PAl energy to place
the EOR defects in various depths wth respect to, for exanple, the top
surface of the crystalline |ayer. The various depths should be proximtely
cl ose [004Fjor mAa desaribel, avsingle RiAl iprongbs is pgomdgo dornha pio glerrgwiodngneyerystals
clusters. For exanple, each row should be separated by about a few

angst rQmhust@s th 4 SaoNRRE B tiRMraSaRRFRL DB I fther @ dahemanaianpystaisy by ot her
di stances is also seful. In one enbodi nent, after each PAl process, anal is

per f orﬁgﬂ%@%%&p}dﬁﬁ@ 4&5@5 BIRIBNQYS 188t Blibteds, ANHudtautdd ialFig 122e ToerdrOR

def ect's. an-alternative enbodi nrent, as shown in Figs. 5a-b, the

substrate be .patterned to, far i I L
pot gl oA ar A E ot Pl B AL Profid e B Ff R R, 5
e process continues in a sim/lar manner a i .' i -
exceptitreher CREVERAMEARICRE A SOt GRS EHEBY .O?Eggigflﬁgsgg?slpgﬁégé%owe "
cross-sectional (A) and plan Bviews of an_enbodi ment of a process 400 for
f or mi ndjffanent PAI prasasses avemetformes wit diferent Sd snergy & nlgge fhe E%R ﬁ?fgaé {hge of
processing simlar to that described in Fig. 4d. For exanple, the surface
cryst aydrione dbpiewvithQdspeetad e sxangRe, dibd @ptserfd@f the erastklling 2ayies Flasy YU ver
the surface crystalline layer and patterned to selectively expose portions

for r e&%)‘ﬂ?sl sholRARGLRE Ry B8sd © bird a nddd-wiRrwitNinsbippiosyseif ahno-stystalsas an
REE is perforned to renove exposed portions of the surface crystalline

!a?%/g ’ ?lh%gli\é% Egr %haq’:llﬂfé,aela-&ﬁ }'ovspgholaﬂfﬁegsefig&gted%z a%Bfli‘erwt WsPORs B ARAL. 2 remain

2 AR g pr o](c:ess contirues tn a simlar manner as described in
i gs. - 0 produce fjrst adsecon% anQp Wi 1. ; I o first
:pg Z re’%?ﬁgl:g%_ﬁt ‘Eﬂar"rt’éléf %@W;fégiﬁ?fﬁcrﬁ }S%gs&gﬁoﬁgqcé?éi]aé% %gw'Tﬁ{ejm%eano- Wires
2d in a row format. e process then continues in a simlar

manner emBodimsat; pliercParih PAL grocass, ppagnsabis peprmad-o ir?ﬁﬁyséeﬂﬁawrg?rp (i matertal
nano--wres. |n ot her enbodi ments, m number of nano- vires may be arranged
in a raw ytdbiizzithe OR defedter of posts or fins between the first and second
contact regions.

[0048] In an alternative embodiment, as shown in Figs. 5a-b, the substrate may be patterned

to form a fin 450 using a mask 482 prior to performing a PAI using a soft or implant mask 480 to

form EOR defects 422. The process continues in a similar manner as described in Figs. 4d-i,

except for the patterning to form the post.

[0049] Figs. 6a-c show cross-sectional (A) and plan (B) views of an embodiment of a

process 400 for forming multiple nano-wires. As shown, a substrate 401 is at the stage of

processing similar to that described in Fig. 4d. For example, the surface crystalline layer 407

includes EOR defects 422. A mask 482 is formed over the surface crystalline layer and

patterned to selectively expose portions for removal.

[0050] Referring to Fig. 6b, an anisotropic etch, such as an RIE is performed to remove

exposed portions of the surface crystalline layer, leaving a plurality of posts 450;.,. As shown,

two posts 450, remain after the RIE. The process continues in a similar manner as described in

Figs. 4f-h to produce first and second nano-wires 455:., coupled to first and second contact

regions 420 and 430, as shown in Fig. 6¢c. The nano-wires are arranged in a row format. The
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[ 00511Fi gs. 7a-c show cross-sectional (A) and plan (13) views of an
enbodi nent of a process 400 for formng nmultiple nano-wires. As shown, a
substrate 401 is at the stage of processing simlar to that described in

Fig. 4d. For, exanple, .the surface crystalline_]ayer 407 i udes FOR

e ec tL0sErD ok aMRRRS fbf Sietlor apner s ehaTiney TOEi A Brovha Sl e & ow of
crystalline [ayer. A mask 480, which serves as an inplant mask for the PAl
r enmai H¥oaBe-WiFks. diypthee embedimgatsciysidier pheanogiyises maf beprranged Ppg rgyy Bress an
anneal is perfornmed to stabilize the ECR defects and recrystallize the

anor phfousinge eninaér. of] REE D) Rab betmieny thtedirkl and sétyndacostacoredioBAL i s per f or med
to create a second band of FOR defects 4222 at a second depth in the

sur f aqeosr)yst aidsi nec ke troshisediionsl (Ahahd puariBY bt stolien binbstindaptfa The PAL
i npl ant fornms an anor phous | ayer 426 above the band of FOR defects, An

anneal .} . e E r er.i

s R L R SR R S e e TR S
simlar _manner. as _described. in FEi.g. -4h to produce two nano-wires. 455
coup 80TaRE pisft G HELAST AT e d5F St uBoRaRa s Ty ESRn Fa
7c. The ngno-wi retsﬁcare arrar%%?d in a colutnn format. The process then

cont i iieEdssEGR detpctsa22ndheifiR defeefs aesat gdirst depth ¢f thasurfasecpystallinederhavi ng
twin nano-wires arranged in columm in the y direction. In other nbodi nents,
t he cohwask ABY, wirch seteesotstrarimplanbsyaslofor tlznibA enesns V@0 B8]suitfeccodthern  of
nano-w res can be fornmed by, for exa wit, the use of a tall fin structure.

The heirgitdllih®laybe Afiedthe Ir At proc®s, dnh@nédl s p&torbhet t stabitiye bR FIDRdbREtstah@n or
equal to about 2:1, In one enbodinment, the height to width ratio of the fin

StructHEOstAMYe BR MGRL&Ls hiteRaor equal to 2:1 for a twin nano-wire col um
arrangenent. [00541ln other enbodi nents, the process of Figs. 6a-c and

Fi gs. ma . cobi.n t o r mat i x of nano-wires,..for le, as
descr i[é@%ﬁ in Eﬁge%g%{go%?ﬁé alffeéogd?dﬁ S 58%0@%5? 7 ﬁetaaTecglﬁ%ba?%k/O ally
stacked_nang-wires, it should be understpod. that. jpultiple horizontal
nano- \ﬂdefe@%s Pif $rEORG AT EYE 'SFqﬁaCteH’éysﬁalﬁ’é‘? W@a‘ﬁ“ﬁ% %’éﬁ%ﬂerﬁgﬁ‘bﬂ\%ﬁr@s :
Furthernore, he processes of Figs. 6a-c and 7a-ei may be nodified in a

si mi | geptiariherP Alsimpdand foryedini amaeplygns Bayer A2 dokviei thw barsla i E QR defogisr dmay be
folmed with a single rowor nultiple rows of nano-crystals or clusters. A
si ngl enneavioperframed ¢s ystatdlinaiic baorpdouyedtdoiyl andstorngibéideAhe prcosEbsadwdti | e
mul tiple rows of nano-crystals may be derived by multiple PAl processes.
After moReRMs. TheGRS®ss @htidlaaala similpahfBlerRAddseribRCnNSE AdLAZ® Jrbfuce

anor phous material and to stabilize the EOR defects.
two nano-wires 455,.; coupled to first and second contact regions 420 and 430, as shown in Fig.
7c. The nano-wires are arranged in a column format. The process then continues in a similar
manner as described in Fig. 4i to form a SET having twin nano-wires arranged in column in the y
direction. In other embodiments, the column may include other number of nano-wires.
[0053] The column of nano-wires can be formed by, for example, the use of a tall fin
structure. The height to the width ratio of the fin structure may be greater than or equal to about
2:1. In one embodiment, the height to width ratio of the fin structure may be greater than or
equal to 2:1 for a twin nano-wire column arrangement.
[0054] In other embodiments, the process of Figs. 6a-c and Figs. 7a-c may be combined to

form a matrix of nano-wires, for example, as described in Fig. 3d. While Fig. 3d shows 2

horizontal and 2 vertically stacked nano-wires, it should be understood that multiple horizontal
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[ 9055] Fig. 8 shows yet anot her enbodi nent of a process 400 for formng a
nano-wi re. As shown, a substrate 401 is at the stage of processing simlar
to that described in Fig. 4e. For exanple, a surface crystalline |ayer has
been paibeviasctoull Feosombinedrwih thitS0vericaltyskaclisdtanoewipest tharrthetnheresthef ace
crystalline layer to formthe post has been renoved. The post includes EOR

def ect srodddes offFesEOR A g61csmaf B modified iy sitniBAnaph@ce d8sdribbd Bigs Mia-an
anneal to stabilize the defects and to recrystallize anorphous nmaterial .

The po[?itadaﬂ%glb@acfl ng{tlé—%etlﬁé}%@fogﬁlg@tntitﬁra_ diflfe RAY oPhAkBESrowh 39 ABA]-BryonR

enbodi nent, the po conprises I mensi on which is about or substantially
equal to.the siize of the.a wre. For ex | e i i he
post | ¥ QKT 207 e{%PfW'CéX%?%f)fng?’%F ﬁdgg \s'eudrlf}égg;nglr% %qztiolr‘l%lénse aélglruﬂﬁ%%/ be
formed with a height equal .to about the size of the _nano-wre. in the ease
of a COWsiBanT-abetals ey Badiracd byrydiiple FitHaroceyes. My BN HRReFst¢la

hei ght equal to about the size of the nano-wire. Providing a post equal to
about 4rineals perfarinedie revaystallike e famormbionamaterfabang tegtabHize ABMBORI dededtngl e

oxi di zing anneal to formthe oxide support structure and nano-crystais or
cl ust eppes5)Af t @ig. tshhonapet aotter embbdinmrtof 4 preces doe s& fommhi rueso-asradesTr i bed
in, for exanple, Figs. 4h-i to forma SET. 190571l n other enbodi nents, the

pr ocesg, @, FisthsGat010€ acthaB@sslof Srob ki RishildrRb thabadtOribsdl indSg. afel adged in a
row format, simlar to that described in Figs. 6a-c. Furtheunore, the

ﬁ;g g € iésxfgr{pl El &urfie o el'ng ?4@?%&%6%19 p&t&'h%datx%ﬁlg L ?oértgf‘ﬁ’() Ol it isBl & F OWs Of

ars " or c nano-w re. single row of nano-crystals
may be derivyed a single PAL 0Ccess ile multipl ows. . of
nano- CP%}%%‘@ SPF&%W%&HP?/E’QG S‘?%W etqo\é\{]@s%ﬁ?n f)e?lbdglsg's&e. POY {tigfudes BQR
process, an. anneal is performed to recrystallize teg anor phous erial
and t odefeeipitil. 7Ehg E@WW@&@“N@%&%MQC‘T%@H{W E)_y "‘l‘i‘é‘ﬁ?ﬁ QHBRdERd. in
ot her specific thrifts without departing fromthe spirit or essenti al
char actherdeftisaad therxcestalliZendrphagonaicrianbdipnsmay, be fhomed bafece agagier Gepe
considered in all respects illustrative rather than limting the invention

descripgdohRegi n. Scope of the invention is thus indicated by the appended
cl ai s ra{)her than by the foregoing description, and all changes that cone

\t’)“ét gmt@?g]d ”f%g 'rog? ﬁﬁ"lBSldiﬁf‘éHQ ShPfosE MRS R ¥ &fsidn\hich &l FBuBsTSubsthengied to
equal to the size of the nano-wire. For example, the height and width of the post is about 20-30
nm. For example, the surface crystalline layer may be formed with a height equal to about the
size of the nano-wire. In the case of a COI substrate, the surface crystalline layer may be thinned
to a height equal to about the size of the nano-wire. Providing a post equal to about the size of
the nano-wire facilitates forming the nano-wire using a single oxidizing anneal to form the oxide
support structure and nano-crystals or clusters. After the nano-wire is formed, the process
continues as described in, for example, Figs. 4h-i to form a SET.
[0057] In other embodiments, the process of Fig. 8 may be changed to form multiple nano-
wires arranged in a row format, similar to that described in Figs. 6a-c. Furthermore, the process

of Fig. 8 may be selected to form a single row or multiple rows of nano-crystals or clusters in a

nano-wire. A single row of nano-crystals may be derived by a single PAI process while multiple
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VWhat is clainmed is: CLAIMS 1. A nethod for fabricating a sem condudor

devi ce conprising providing a substrate with a surface crystalline |ayer
over the substrate; g end-of-range (FOR) defects in the surface crystalline
layer; for r rmefln fects enbedded within; and

oxi di zI%g ¢ ﬁl&g%ﬁzyswf B B ATty I?@ lﬁﬁf’ WBPCHfe Arftﬂrﬁﬁ’%armeé%an anneal
nano-wres wth a o crystals within the core of the nano-wires. 2. The

net hodlScPFrfeFﬁ?qﬁofe%ﬁ%@i‘?ﬁ therasaarpheys moperdd fad tasstelilips he EOR defectsper f or ni ng a
pr e- anor phi zati on i nplant (PAO on the surface crystalline layer to form an
anor phi®988ki | iThennveagien nalydeenttodicdun bthee speeifat fatths wethbatydepartiag droantheal i ng
the substrate to recrystallize the anorphous silicon |ayer as well as form

EOR dedpitit &.essedtialldh@radirRoek @bre6t ari® fdre @hiddientEMerk B, aRI 5 bl + or Ge+
ions at a dose from1l x 1015 CMto | x 1017 ern into the surface

cryst aldnisii@reday a1l r@sggctgrﬁ}ﬁ ke Pgom t nﬁﬁn%{}{eflﬁv giBn ﬂ@%%'hg& 11&\41%[ ﬁ F? nf orm

FOR defects at different ept surtace crys

l'ayer. ;¢ the invention is thus indicated by the appended claims, rather than by the foregoing

description, and all changes that come within the meaning and range of equivalency of the claims

are intended to be embraced therein.
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4. The nmethod of claim2, wherein the PAl and annealing steps may be
repeatedly perfornmed one after the other at different depths fromthe top
of the surface crystalline layer for 2 or nore tines to formmultiple

| evel swoht kCRided ®cts thereby resulting in twin or ultiple defect |ayered
nano-w res 5. The method of claim2, wherein the PM and anneal i ng steps
may be perfornmed one after the other at different depths fromthe top of
the surface crystalline layer for 2 times to forma twi n colum of
nano-wires. 6. The nethod of claimdppmhgyein the one or nore this is
fornaed betbre the FOR defects are created. 7. The nmethod of claim!]
wherein formng the one of nore tins conprises; depositing a hard nmask

| aver to selectively expose portions of the nbstra e to he renp' ed,
etching the exposed portions to fongk?n ar nore.fins; and removi ng

the hal-d nedrngtagdbior fafricatippa SERGENYICIr FEVIRAFAEREal | ows for a nore
conformal sidewall etching. S The nethod of claim2 wherein a soft nask
with. an anpiovidafd aetbstvate votht 4 siyfase pevatelinedayes oygithesibstiepat t er ned on the
substrate surface before ECR defects are created in the surfa.ce

crystal | i necrle@jtgf end®fFhggen@OR)MedéctcinahesBlank erysfatlineeyesof t mask i s renoved
before the substrate is annealed to recrystallize the anorphous silicon

layer as weldm@ig SdlonnidRids heGi EOR WBRERIchbeldedaviiign; 4@l a | ow tenperature
anneal and serves to stabilize the EOR defects by increasing the defects’

resistance gﬁgizﬂ‘lgﬁﬁg lnli'é j)rorﬂolset R th if8¥%1 one or more fully oxidized nano-wires with nano-

crystals within the core of the nano-wires.

2. The method of claim 1 wherein creating EOR defects comprises:

performing a pre-amorphization implant (PAI) on the surface crystalline layer to form an
amorphous silicon layer above the surface crystalline layer; and

annealing the substrate to recrystallize the amorphous silicon layer as well as form EOR

defects.

Be The method of claim 2, wherein the PAI implants Si+ or Ge+ ions at a dose from 1 x 10"
em?to 1 x 10'7 em™? into the surface crystalline layer and may be performed at different energy

levels to form EOR defects at different depths from the top of the surface crystalline layer.

4, The method of claim 2, wherein the PAI and annealing steps may be repeatedly
performed one after the other at different depths from the top of the surface crystalline layer for 2
or more times to form multiple levels of EOR defects thereby resulting in twin or multiple defect

layered nano-wires.

16



to an anneal in an oxidizing anbient at the tenperature of 1100 1' for 5
hours. A nethod for fabricating a sem conductor device cornpi s providing a
substrate with a surface crystalline |layer over the substrate; creating
end-of -range (EOR) defects in the surface crystalline layer; form ng one or
nore fins with EOR defects enbeddedtin. oxidizing the one or nore fins;
removi ng the oxide fromthe one or nore fins to formone or nore

nano- wi-r es; Tagereter @f slaing 2t whetsivethe P Adwné anpabngteesmay b perfaroied ooe aftor e
fully oxidized nano-wires with nano-crystals within the core of the

nano- wihe ether atldiffefehedepghshioein ofic paifhed surfabecrgstallinhéayex fte tirsesrte fored from
the one or nore fins and a pad region using a wet etch. 13. The nethod of

cl ai m tdn vhighei of dahe witesf ace crystalline layer is patterned using a hard
mask | ayer to formin thepad region a first and second contact pads coupl ed

by the nano-w H The nethod of claim 13 wherein a gate layer is further
deposited on the substrate and patterned to forma gate that is separated

I Lgmg;f?g ;L’glae[t m%@lgg%iglgﬂg 1%5/ netré’j}ﬁ tthé) oan%sor%%jre 1(r)1¥ 1esr orrBQ(F ber}grréotfn\e,\%b?{’ de\%@cef\sr en

are created.

7. The method of claim 1 wherein forming the one of more fins comprises:

depositing a hard mask layer to selectively expose portions of the substrate to be
removed;

etching the exposed portions to form one or more fins; and

removing the hard mask layer, wherein the usage of the hard mask allows for a more

conformal sidewall etching.

8. The method of claim 2 wherein a soft mask with an anti-reflective coating beneath it is
formed and patterned on the substrate surface before EOR defects are created in the surface

crystalline layer.

9. The method of claim 8 wherein the soft mask is removed before the substrate is annealed
to recrystallize the amorphous silicon layer as well as form EOR defects, wherein the anneal is a
low temperature anneal and serves to stabilize the EOR defects by increasing the defects’

resistance and dissolution stability.
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15, The net hod of claim 14 wherein the contact pads are doped when the gate
is being formed after the gate is patterred, wherein the nano-wire covered
by the gate serves as a channel of a SET. The method of claim 11 wherein

creating EOR defects conprises: perform ng a pre-anorphization
i npl ant (PAD on the surface crystalline layer to forman anorphous silicon
| ayer above the surface crystalline |ayer; and anneal i ng the

substrate to recrystallize the anorphous silicon |ayer as well as form FOR

def ect f) V‘h?l'i@lin@tjl_lgﬁ%f a/a\T%h N Rah SxDatioRls ABleved BNSubplcting Heondes endke iz 1 X

iocnf.2 to 1 X 17 -2 into nto the surface crystalline | ayer and nmay be
performed at

dept h stofafl(f'ﬁfl?z}cilieiﬁ fflrgg)%ﬁizil}e%_lnzﬁﬁQXnt] SV B Qra{-l.‘?f 0t F3 dedestheydt di fferent

p o € surface crystalline layer. 17The nethod of

clai mherein the PAl and annealing steps may be peril:irate:l one after the
other at different depths fromthe top of the surface crystalline |ayer for
2 or nore times to fonn nultiple levels of FOR d.efeets thereby resulting
in tw hl.or Aunethed for dériseting ayenisendigHs dgyice ompBsin%e net hod of cl ai m 16
wherein the PA1 does not fully anotphize the entire surface crystalline
| ayer. provhingresibetatefwit asurfat6é cryisilaiedayeneventhe subairatenmy be patter ned
to formone or nore fins using a hard nmask prior to perfointing a PAL using
a soft mas kcr”eﬁlirfg%ﬂﬂﬂ-&%@ﬁt@@l@ defects in the surface crystalline layer;

forming one or more fins with EOR defects embedded within;

oxidizing the one or more fins;

removing the oxide from the one or more fins to form one or more nano-wires; and

oxidizing the one or more nano-wires to form one or more fully oxidized nano-wires with

nano-crystals within the core of the nano-wires.

12. The method of claim 11 wherein the oxide is removed from the one or more fins and a

pad region using a wet etch.

13.  The method of claim 12 wherein the surface crystalline layer is patterned using a hard

mask layer to form in the pad region a first and second contact pads coupled by the nano-wire.
14.  The method of claim 13 wherein a gate layer is further deposited on the substrate and

patterned to form a gate that is separated from the first and second contact pads and covers the

nano-wire, wherein the gate layer is about 1300 A.
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20. The nethod of claim 11 wherein oxidation is achi eved by subjecting the
one or nore fins to an anneal in an oxidizing anbient at the tenperature of
1100 T. for 5 hours. 21.A nethod for fabricating a sem conductor device
conprising: providing a substrate with a surface crystalline |ayer over the
substrat e; performng a pre- anDrphiZation inplant (PAD on the surface
crystalline er to _form_an amorphous silicon r above the surface
cryst aHi nel 11 é‘@?h"d °f°1alméﬁr‘f\é1¥‘?“h§wc‘}?é‘ta§05‘§15raé‘i ‘éOHe Wwher thesgale Isibrng he

anor phous silicon layer as well as fbnn EOR defects; depositingd mask | ayer
to sel femed eftgr thy pafs és psteriednshetinghe nbst-warsopered byrtheegite ssrehiang chimecl

exposed portions to formone or nore tins; renmovi ng the hard nmask
| ayer,ofdh®EEi n the usage of the hard nmask allows for a nore confornal
si dewal | etching; and oxi di zing the one or nore fins to fotui one or

nore fully oxidized nano-wires with nano-crystals wthin the core of the
nano-w res.

16.  The method of claim 11 wherein creating EOR defects comprises:

performing a pre-amorphization implant (PAI) on the surface crystalline layer to form an
amorphous silicon layer above the surface crystalline layer; and

annealing the substrate to recrystallize the amorphous silicon layer as well as form EOR
defects, wherein the PAI implants Si+ or Ge+ ions at a high dose from 1 x 10> cm? to 1 x 10"
cm?into the surface crystalline layer and may be performed at different energy levels to form

EOR defects at different depths from the top of the surface crystalline layer.

17.  The method of claim 16, wherein the PAI and annealing steps may be performed one
after the other at different depths from the top of the surface crystalline layer for 2 or more times
to form multiple levels of EOR defects thereby resulting in twin or multiple defect layered nano-

wires.

18.  The method of claim 16 wherein the PAI does not fully amorphize the entire surface

crystalline layer.

19.  The method of claim 16 wherein the substrate may be patterned to form one or more fins

using a hard mask prior to performing a PAI using a soft mask to form EOR defects.

20.  The method of claim 11 wherein oxidation is achieved by subjecting the one or more fins

to an anneal in an oxidizing ambient at the temperature of 1100 °C for 5 hours.
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21. A method for fabricating a semiconductor device comprising:

providing a substrate with a surface crystalline layer over the substrate;

performing a pre-amorphization implant (PAI) on the surface crystalline layer to form an
amorphous silicon layer above the surface crystalline layer;

annealing the substrate to recrystallize the amorphous silicon layer as well as form EOR
defects;

depositing a hard mask layer to selectively expose portions of the substrate to be
removed;

etching the exposed portions to form one or more fins;

removing the hard mask layer, wherein the usage of the hard mask allows for a more
conformal sidewall etching; and

oxidizing the one or more fins to form one or more fully oxidized nano-wires with nano-

crystals within the core of the nano-wires.
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