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Ref erence To Rel ated Applications Benefit of priority

wo soohvetady clainmed to "G own Nanofin Transi st oFSis2d07008123
Application Serial No. 11/397,430, filed on April 4,

2006; "Etched Nanofin Transistors,” U S. Application
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Background
The semiconductor industry has a market driven need to reduce the size
20  of devices, such as transistors, and increase the device density on a substrate.
Some product goals include lower power consumption, higher performance, and
smaller sizes. FIG. 1 illustrates general trends and relationships for a variety of
device parameters with scaling by a factor k. The continuous scaling of
MOSFET technology to the deep sub-micron region where channel lengths are
25  less than 0.1 micron (100 nm or 1000 A) causes significant problems in the
conventional transistor structures. For example, junction depths should be much
less than the channel length. Thus, with reference to the transistor 100 illustrated
in FIG. 1, the junctions depths 101 should be on the order of a few hundred
Angstroms for channels lengths 102 that are approximately 1000 A long. Such
30 shallow junctions are difficult to form by conventional implantation and
diffusion techniques. Extremely high levels of channel doping are required to

suppress short-channel effects such as drain induced barrier lowering, threshold
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20  and surrounding gate structures have also been proposed. In the “TriGate™
structure, the gate is on three sides of the channel. In the surrounding gate
structure, the gate surrounds or encircles the transistor channel. The surrounding
gate structure provides desirable control over the transistor channel, but the
structure has been difficult to realize in practice.

25 FIG. 3 illustrates a dual-gated MOSFET with a drain, a source, and front
and back gates separated from a semiconductor body by gate insulators, and also
illustrates an electric field generated by the drain. Some characteristics of the
dual-gated and/or double-gated MOSFET are better than the conventional bulk
silicon MOSFETs, because compared to a single gate the two gates better screen

30 the electric field generated by the drain electrode from the source-end of the



illustrates an electric field generated by the drain.
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Summary
An embodiment of the present subject matter provides nanowire
20 transistors from amorphous semiconductor nanorods that are recrystallized on
the surface of a semiconductor wafer. The silicon nanorods are formed with
dimensions smaller than lithographic dimensions by a sidewall spacer technique.
The recrystallization of the amorphous nanorods uses solid phase epitaxial
growth. The resulting nanowires can be used as the body regions of transistors
25  where both the thickness of the body of the transistor and channel length have
dimensions smaller than lithographic dimensions. The nanowire transistors have
a wraparound gate. Various nanowire transistor embodiments use silicon
nanowires.
One aspect of the present subject matter relates to a method for forming a

30 transistor. According to an embodiment of the method, a pillar of amorphous



where both the thickness of the body of the transistor
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WO paohogaphi ¢ di nensi ons. The nanowi re transi sPCF/BESvaves123
a w aparound gate. Various nanow re transistor
enbodi nents use silicon nanowires. One aspect of the
present subject matter relates to a nethod for form ng
a transistor. According to an enbodi nent of the
met hod, a pillar of anorphoussen conductor material is
formed on a crystalline substrate, and a solid phase
epitaxy process is perforned to crystallize the
anD§Rhiossd R OT e aBkaldt Gmiddionra alstaldina gubdtate; ayd b adblid pkase
substrate to seed the crystalline grow B The .pi | a{
hasCRitasy Broqerbisepioraed i artadize the IporRapYy WIE%‘&{&'C %
for Hiﬁ%rfapu%iﬁg i F5dealihé 28bnaRb ceaP e fystdliihd fowth. The pillar
between a fiFst source/drain region and a second )
souhased shbdithograpgiiothickhessurA trangistagbegdit is fPmagd intthe ciystallized

ornmed around the.sen con I Di .

st ur ?%’ih‘ﬁﬂ?‘guﬁpod at @ari be ?‘?’%ern rra\sf;i Sgéogjﬁ%ez&laainrg{e?eo%g?l g?a T m

t hesdirgd/@antiegion Asbiréunding gheisulataris Gimgdgatnd the

i nsul at or, ect relates.to nsi

An asp tr tor. A
t r afFEnSPRUCtITIR TR 2 SYEQuUdIng @?%‘s gfné?qs z«llrﬂgnd and separated
SUbgbLAAHE serBicohi®dtoSRHALEY Ghe %hﬁoﬁxﬁﬁh% Batk @fiswkdod. N t he

crystalline substrate, and a crystalline sem conductor
pi |l ar fémrasgecsclates tapbaryistoe A irapgistos smbpdiopent freludes a

153 i1 st%ﬁﬂ{e%ﬁﬁg&da?é n ﬁrﬁaégo%e@ﬁﬁ &%i%ﬂ%ﬁﬁ&fini RELNARTIR

econd source dinregion tormed in a top portion of
t hesybistrhter andoa g mllinesemidondudtor pidldr formed @ntthesydisirhtgnn

and a surr.qundi ate farnmed argound and separat ed

Fr o i g orsh SR s deaint., TF GpRREBcRS f Shegua

CI O§sur&P@rairPRgin B ABEPISa lopTorti SRS the Hillkir/aIgatt aulater formed
si ze. These and ot her aspects, enbodinents,

advareuagthe pilla apdasureandipg gate &rpied apsasdscparate fpan the
14 ol Ll?lﬁ% Q?te Z%%?é inRbIaRR. The blifr RAESHBH. s iBh 6the B dsQEss than a

and ence rawm ngs. Brief Description of the
Dr amiimigsink-fe@turé sizel ustr at es general trends and

relati O”%ﬁ'e esan]:ioortheall' a\égécltse,te%bgfiirrgeen\(sl, %Svantages, and features will

become apparent from the following description of the present subject matter and
the referenced drawings.
20
Brief Description of the Drawings
FIG. 1 illustrates general trends and relationships for a variety of device
parameters with scaling by a factor k. -
FIG. 2 illustrates sub-threshold leakage in a conventional silicon
25 MOSFET.
FIG. 3 illustrates a dual-gated MOSFET with a drain, a source, front and
back gates separated from a semiconductor body by gate insulators, and an

electric field generated by the drain.



paranmeters with scaling by a factor k. FIG 2
illustrates sub-threshold | eakage in a conventi onal
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with a drain, a source, front and back gates separated
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electric field generated by the drain.FIG 4 generally
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of dual gate, double-gate, or surroundi ng gate MOSFETs
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15 FIG. 9 is a simplified block diagram of a high-level organization of
various embodiments of a memory device according to various embodiments of
the present subject matter.

FIG. 10 illustrates a diagram for an electronic system having nanowire
transistors, according to various embodiments.

20 FIG. 11 depicts a diagram of an embodiment of a systém having a

controller and a memory.

Detailed Description
The following detailed description refers to the accompanying drawings
25  which show, by way of illustration, specific aspects and embodiments in which
the present subject matter may be practiced. These embodiments are described
in sufficient detail to enable those skilled in the art to practice the present subject
matter. The various embodiments of the present subject matter are not
necessarily mutually exclusive as aspects of one embodiment can be combined

30  with aspects of another embodiment. Other embodiments may be utilized and
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20 embodiments. Those of ordinary skill in the art will understand, upon reading
and comprehending this disclosure, how to use the teaching contained herein to
form nanowire transistors using other semiconductors.

FIGS. SA-5H illustrate an embodiment of a process to form crystalline

nanorods with surrounding gates. FIG. 5A illustrates a first layer 503 on a

25  substrate S04, with holes 505 formed in the first layer. The first layer is able to
be etched to define the holes within the layer. According to various
embodiments, the holes 505 are formed in a silicon nitride layer 503 on a silicon
substrate 504, such that the holes extend through the silicon nitride layer to the

silicon substrate. In the illustrated embodiment, the holes are formed with

30 dimensions corresponding to the minimum feature size. The center of each hole



and conprehending this disclosure, howto use the
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planarized, such as by CMP, to leave amorphous semiconductor material only in
20  the holes.

FIG. 5E illustrates the resulting structure after the sidewalls (e.g. silicon

oxide sidewalls) are removed. The structure is heat treated to crystallize the

amorphous semiconductor 507 (e.g. a-silicon) into crystalline nanorods

(represented as 507-C) using a process known as solid phase epitaxy (SPE). The
25  amorphous semiconductor pillar 507 is in contact with the semiconductor wafer

(e.g. silicon wafer), and crystal growth in the amorphous semiconductor pillar is

seeded by the crystals in the wafer. The crystal formation from the SPE process

is illustrated by the arrows 508 in FIG. 5E.

FIG. SF illustrates the structure after the first layer (e.g. silicon nitride) is

30 removed, leaving crystalline nanorods 507-C extending away from the substrate

7
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| eave the gate material only on the sidewalls of the
nan@Fdsa ef aprspyisnately dQ0ngn.  Elsse ganqreds Withaviaparepnd pates can be

lé‘cclggégfstggf \/\#H Eﬁ&&@é‘&aﬁéﬁ%'méﬁmuﬁhﬁl&ngt hax%tm& E@tes. The

determ nes t he channel
t r apsicsssorontingeinFdGSe 64-6(¢ far some emboidiments of blendalemd c

Fgggxftﬁmgtﬁfc’ xécﬁ %ﬂ,rglél},le%?rp aﬁ)ﬁ% 2% ov'rtg%ﬁ%bgé}g{}ﬁgssoef transistor
nanef@gs W th w aparound gates can be
FIGS. 6A-6C illustrate an embodiment of a process to form isolated
20 transistors with source, drain and gate contacts, using the nanorods with
wraparound gates illustrated in FIGS. SA-SH. The illustrated structure includes
a crystalline nanorod 607-C, a gate insulator 609, and a surrounding gate 610.
Gate contacts 611 for the wraparound gates are patterned. Various embodiments
deposit polysilicon to function as gate contacts for the wraparound gates. Both
25  the wraparound gate and the gate contact, also referred to as a gate pad, are
recessed below the top of the nanowire. A directional etching process may be
used to recess the wraparound gate and the gate pad. As illustrated in FIG. 6B,
the resulting structure is filled with an insulator fill (e.g. oxide) 612 and
planarized to the top of the nanowires. The top of the nanowires are exposed by

30 removing the gate insulator from the top of the nanowire. For example, an etch



used to formnanowire transistors with surroundi ng or

wr aparound gates. The process continues in FIGS. 6A-6C
wo 2007820382 enbodi nent s of standal one transi st orBCT/E82907/008123

continued in FIGS. 7A-7C for sonme enbodi mnents of

transi stor arrays. FIGS. 6A-6C illustrate an

enbodi nent of a process to formisolated transistors

with source, drain and gate contacts, using the

nanorods with w aparound gates illustrated in FIGS.

5A-5H. The illustrated structure includes a

crystalline nanorod 607-C, a gate insulator 609, and a

sur eaiibshised g adrio el flicdenddde frotnabe sopboflthe hanowine The top of the

wr apar oynd ga es, a tt er ned. odi,ment s
depBEIOVIFRS CFR; b doprd el sqmiact pisas g%[ '5’3( Z“’&%’sé {Qp pgfion 613 of
t hemunARGH YR darDRinefion B4 Bralh R gina nare%uaaraat@p@e@rmay
gate contact, also referred to as a gate pad,

rec é@m@do iséffese urider thgsrystallinmenansreshizng exignd |UPéE‘P| ao‘?fépm
$ teh %%a%rf%eeéa 0%8/ 'gl% Rs;?eqil ljegloﬁ%gﬁ ctti%ﬁ a‘é”a%Bﬁch%@éion This

gat t hie strate In FIG 6B
r eSdJ)}iédrlggﬁ)hrdl@taﬂHoee)dtaldfs itd b ecntatttanean T hendapedtregiof parh be

2.an I t to
n an ?‘Zfﬁ ghet st g"V ‘g g‘?ﬂfﬁ%&\ﬁ‘g golg oré‘g &9d otéerg it} T he dopant
r enpa 5190 59 fnpRh@Rdiang diffised bEfopdiHeRarbandiag ghfeds formed
nanow re. For exanple, an etchcan be used to re
si | APBIPPSRICHOPRSFAN bcProbided o PIoNideAMRY er Pﬁﬁégfofalbﬂ%?fs
ldrE:Agzi‘pe Lt&EinGR6, Be, gg&ﬁgct ang chQBI: giche@iC@S LGl 86ftce, a

top portiironh 613 of the nanow res can
f uncdritact 646 can te iched eyihoburidhgats Pod analt aecdngact 617 can also be

app teI f use er..the cn
nangﬂ“'&ﬁd é’)‘&‘gn g.hﬁif? rGnATY %?'? Bhibs 5?&‘?'%%““0 %euPon
na anaﬂﬁlg a}]ﬁl c%nﬂﬁﬂ%ﬁdfr@ghl@ [isefszufey ik bthier atand aRMe h@asistor

region. This doped region 614 also extends to a
contesgnsgpanbe 4¥¢8- doped regi on can be fornmed before

irhe firSEGgyes- 7'(15111Q§tpﬁ§ bi %&be@ﬂléﬂl@ bes pfqee® HhfkRiaRay of

he dopant can al so be 1 nplanted and diffused before
t h etrmstmnuismgttgataeorosis fothredparappd gpies diustrdtediinFI6anSA-

| I | ust ﬁGEZ‘A‘t ﬁ % s agte&p N%l\xém %da\c(i’\é%%" C%ﬁrsﬁé%; ?:vh&}nt 0
t heg:rhbéd:ﬁﬂanﬁ@ﬂi Gensiocarfdyad A ccoiding anthballedtabelerhioodinent, one
bur Iwggd gr?é %J) 1s forrrallc?ddacial ac%?ltn ttoaocnte rga'v7ofctxaarr]|sg{osrs su& that the
20  wraparound gates 710 of each transistor 718 in the row are in contact with the
adjacent word line. FIB. 7B illustrates a top view of adjacent transistors in a row
of another embodiment of a transistor array. According to various embodiments,
polysilicon or gate material can be used for the gate wiring, a buried doped
region can form a source region 720 and the source wiring 721, and metal
25 contacts 722 and metal used for the drain wiring 723. In some embodiments, the
nanowire structure with only wraparound gates is then backfilled with oxide and
patterned and etched to leave oxide 724 between the pillars in one direction and
expose the wrap around gates on the side. Polysilicon can be deposited and

directionally etched to leave only on the sidewalls of the oxide blocks and

30 exposed gate sides. As described with respect to FIG. 6C, the wraparound gates



formed for the drain. Those of ordinary skill in the
art will understand, upon readi ng and conprehendi ng

wao hiog/12li4sr| osure, that other stand al one transPGr/U82007/008123
designs may be used. FIGS. 7A-7C illustrate an
enbodi nent of a process to forman array of
transi stors, using the nanorods with w aparound gates
illustrated in FIGS. SASH FIG 7A illustrates a top
vi ew of adjacent transistors in a row of an enbodi nent
of a transistor array. According to the illustrated
enbodi nent, one word line 719 is fornmed adjacent to
onecdrobe firther dingitohallys etchetto ebess thene beloapthe tomoff thatmesowire

710 of ,each _frangjstor. 718 in the rqw.are in cont,act

i ¢ HORTRORA/ LN {a5h EAis copit ol Tirngs s SEUCHT ey be
Vi e¥{afhriAd AAVAEK A NRNRIR LRIGE and the 0PV fPhe MW doped and
enbodi nent of a transistor array. According to_various

enbeetitarsed £r thoflyay) Mirsusne grrventienatfechniadish Haossad grdinary
or 4.he.. . ;

4o AT B MLy SR G B0 o

c onthacbther #2ansistolr aretyalesigne thdydre ushé drain wiring 723.

In sone ofli.jents, the nanow fe .str.ucture wth onl .

Wr apar ou %ggggtlglgtriatgé flﬁ‘E)Hv @ggﬁm fqr forming a nagowire gﬁasmt\()r with

pat Lardedim Ehiid! 8ERMdihe td eavcisritidinidts beihagresehhsubject
“pillars in one direction and expose the wap around

gat B®eR t he si de. Polysilicon can be deposited and
|1 2¢kE %l SRl i Vifte. OFbYex@pld) eheSbuigiade|ciin Hclud
ldtjhegg:%?g’e l+s\(;aé€§s° ang%)%psgggd %at e si dgs. As descri bed cudes
wi t first éayeeon atvafEl GichesE,a layer ofistisan wifride gatacsslicom wafer, and the

I ELE@% f‘%ie‘{’ﬁg%%\%ntﬁlé lﬁ%ﬁtgt geP <? exithst HTatet. lhfﬁ'% g&%?%é&%ned by

gat &all9 Krart byané fivdt tdyeg . ATBR6,Shacet kidewallaaretformed within the
pl anari zed and backfilled w tg oxi de ae?% t,h(=1 t%P of
t heholahagains shewplbsiosmad by thefitst lrypoio Giiretiye et uge g

13US! Hﬁné?ﬁfb\ﬁ? BF i ilest SLNBkANSIE of ARPRRr SlleRalliAliYorBbkibk. At
in the art wll understand, upon readi ng and .
conp? BitkenbvlagareHilleddiysan amserphous deaticaduetor (¢.arashidicen). The
array designs,.nmay_be use I .8 |
G gt TOT S Y ROV RN 828 b laHEdS R GippSs scfteonductor
sur exiending gwap frem thaceafedi Tig: resuliiag stousureribbelitrremates! of

t he present bj ect . .
ar?nealed at 8%1 tcl recrystallize the amorphous semiconductor, using the wafer to

20  seed the crystalline growth. The recrystallization process is referred to as solid
phase epitaxy (SPE). The resulting structure includes crystalline nanowires
extending away from the wafer. At 830, a surrounding gate insulator and a
surrounding gate are formed around the crystalline nanowires. Source/drain
regions are formed at 831. The bottom of the nanowire is doped to form a first

25  source/drain region, and the top of the nanowire is doped to form a second .
source/drain region. The first source/drain region can be formed by doping the
substrate before depositing the first layer and patterning and etching the holes.
The first source/drain can also be formed by implanting dopants adjacent to the

nanorod before the gate is formed. These implanted dopants are capable of
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matter. At 825, holes are fornmed in a substrate. For

exanpl e, the substrate can include a first |ayer on a
wowedoen2o4such as a |ayer of silicon nitride on BCHUF100D008123

wafer, and the holes are fornmed in the first layer to

expose the wafer. The holes are defined by walls

formed by the first layer. At 826, spacer sidewalls

are formed within the hol es against the walls forned

by the first layer to effectively reduce the

di mensi ons of the holes. An exanple of a spacer

sidewall is silicon oxide. At 827, the holes are

fil diftusing compleelypinades tieaminoanichectgse thengnoradsarkivenrthin. This

oi | Aabaesr Brararbne it ho iRl Bver sinaked #8 ol prissi

t he waf errIGTO%s 4 Sisiplified Bisdk difdrbofiashifRadvel bRAhRALON of

anneal ed at 829 to recrystallize the anorphous .

senvadersemladimgnts of agpamqRdeyice goerdmeta ¥ appysembediments of
ro feal | ' [ fRapr;

9 Ui bregesf sbGEEKm . TEEIRRRITGRTY dvicE o R bR

i nCmesasy arrgg D28 land ecadwriteicoroleitcaitdy P wvpeyformmperdtions on

L O Y TATTLERERENEST e

Nangmdt§y devied OS2 nthydeh meBbsGr@bea hivhigas niddulssukh as a single
The bottom of the nanowire is doped to forma first

souftiednemearyeedea (SBAY) aré duggnkire mgmogy Ay e QIMM). One
op a . i r i- T i . .
P Py R B PR AR o i
Subsisclsareptiab senidepdsidricogipohentt iy the rhemery aray and / or the

patterni.ng and etchi t hoJ es.. The first. . .
souP U FHCRIOY e 3PS 2‘9 B ??eogrcﬁ% g "Bl)flglnﬁ% N R T ith
adj g@esindiny gdies, Aaaedcoided sboviee Thetrgatuee arsd fabfic@ibn methods for

These i npl.ant ed dopants are capabl e ofdiffusing
conhicee devicerhnye besrrdersAbbaPEcause the nanorods are

1yery thi themxﬁox%ma9%§?&1@&es%ﬂn%é&f%@m%flﬁ&s: cEIE936. The

first layer is réenoved off of the substrate. FIG 9 is
a shrepldry celds inl the krraly angrammangdd i rpvglang egkymns. In various

organi zation of rio ient f ice. ..
acoBPRPRI e Hor! Bef5r SRS Mohncp) U THIRE Yool ¥he it tines

subpsg toritt te.mekhéryidelisiit thacemhmys ity rdel/weiee &didrol circuitry
es_a, menor.

Ly B TR 2Lk S, Ay SRAMLLE CONAL L e
20  row, bit line select circuitry 940 which functions to select a desired column, and
read circuitry 941 which functions to detect a memory state for a selected
memory cell in the memory array 933.
FIG. 10 illustrates a diagram for an electronic system 1042 having one or
more nanowire transistors with surrounding gates, according to various
25 embodiments. The electronic system includes a controller 1043, a bus 1044, and
an electronic device 1045, where the bus provides communication channels
between the controller and the electronic device. In various embodiments, the
controller and/or electronic device include nanowire transistors as previously
discussed herein. The illustrated electronic system may include, but is not

30 limited to, information handling devices, wireless systems, telecommunication
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the menory array via comunication |line(s) or
channel (s) 935. The illustrated nenory device 932 may
wheood/1meapry card or a nenory nodul e such as aPGI/Ng1087/008123
inline menory nodule (SIMM and dual inline nenory
nodule (DIMVM. One of ordinary skill in the art wll
under st and, upon readi ng and conprehending this
di scl osure, that sem conductor conponents in the
menory array and / or the control circuitry are able
to be fabricated using the nanowire transistors with
surroundi ng gates, as descri bed above. The structure
and sfstbms cfilier optiosysterds; elestrotdptiseystemis cand domputdseen

descri be b . .The nor rra 3 i.ncld ude

number offIhenb Ageica Qoe of e Hhbing A SRR g having a
arr %)snﬁmerarmaraasd théné VI3 48N d‘h@ @bhtidler ahé/oY ientdty may include
enbodi ments, word |ines 937 connect the nenory cells

1 IABOW SRS angiHas1 T HIHE S HD/Sh ee S AR o c apparatus
el |151 4508 BBuE provﬂl% ofMEdtioh c@l%eﬁg b&:v\{:eﬁh' ke Y

i ncludes word select circuitr
f u n ccbntm]skertandsbé eled:trcand egparads, ra:nvl/beb’vdenl thm eorgmdller and the

circuitr whi ch functions.to s
col Woén%eé’é‘& “l"fyr‘8§ ﬁ??“@ e%figﬁt uﬁ’C%l oan%m}%%l bus, each
det gfdepndeig bns ; drahaypusetdoatrh66l comfihicatien harmels to
the nenory array 933. FIG 10|Ilustratesad|ar%m

ingd y the

f or PAPViEE agdressn fi%tas%i(@rﬁomﬂlz theusend oHeh Sreg
16 anQBhfr&1d’ 3R sh gfn‘BBﬁm‘Mntt hne erEGHxﬂg lapPlar Ak §$49 ﬁﬁ?@e@dﬂﬂwnal

to vari ous enbodl nents he el ectronic systemlnc udes
a c on¢matyl configr4@ simildre mispaary 1348 An eaphedimentirpay include a
devi ce

cha®§8pP erBlsq V\é%ec;rtq%:té'nzg% ?fs:‘loﬁug)\{eddtggh% ﬁ Wé%?‘r %a‘ri]’ Bgvnces may

deviifcudd displayd, ausitienfIatbragsinemoty)@r odrt contrdrdeaives drat may
el ectronic device include nangwire_ transistors as

pr e PPEI i PIGHeR Withdhe pontropes apd/py e meraery- In
15l e %Hb%@irﬁerﬁ% the %mlt'f‘@ll'er i85 bisissoP U nk o f B contrBlIE€ thd emory,

I nf or mati on [i ng devi ces, W rel ess syst ens,
tel el@@dnqmm(aapm@ystaedshe péripheray gevieessypay embude nanowire

N L
co ntdb@ilch@ Itel&ddiﬂm&ﬁ!ﬂaﬁoﬁmmh)& 111(1180mﬂ'1litersc yipliskiiers containing
and/ngrrlovgsg?r%sggxys alsrll%séJ q)ed in this disclosure include electronic systems for

20  use in memory modules, device drivers, power modules, communication

‘modems, processor modules, and application-specific modules, and may include
multilayer, multichip modules. Such circuitry can further be a subcomponent of
a variety of electronic systems, such as a clock, a television, a cell phone, a
personal computer, an automobile, an industrial control system, an aircraft, and

25  others.

The memory may be realized as a memory device containing nanowire
transistors according to various embodiments. It will be understood that
embodiments are equally applicable to any size and type of memory circuit and
are not intended to be limited to a particular type of memory device. Memory

30 types include a DRAM, SRAM (Static Random Access Memory) or Flash
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nanowi re transistors. The illustrated system al so
i ncl udes an el ectroni c apparatus 1149 and a bus 1150

wa eoopnasspie conmuni cati on channel (s) between tPET/US2007/008123
controller and the el ectronic apparatus, and between
the controller and the nmenory. The bus may include an
address, a data bus, and a control bus, each
i ndependently configured; or nay use commopn
comuni cation channels to provi de address, data,
and/or control, the use of which is regulated by the
controller. In an enbodi nent, the el ectronic apparatus

1148 efmdYicb e Addiliohh Pyl ahe DRANEoR B4 PsyreHromons DatAMcnommonly
menory 1148. An enbodi nment é i ncl ude .a peri
% ¥

deviedeTest togs WERAM (ynchonpy bics Random A %"gﬁ 8}05¥ ,
d eVSBWg J)ﬂ{ﬁilg Wl@ﬁ%ﬂd(ﬁﬁi Q*lct:éﬁ'?@l:mﬁ*ﬁ 'SORAM 11, and

nmenory, or ot er control devices that nmay operate in
conPR EDRA M (Dbubhd)am Rateo$ PRAMR dY @riousamargimg myemerny

troII ssor. Any of
f‘ heteggﬁq?%lﬁ &e ca{’ ?1ele r(helrlrsonr1 2 rf(hw}% eg%ﬁs?%%l c appar at us,
and t he mafsidisttssake nhewdeese\ﬁ&y protebsedeciraitaliagrams, and
transi stors, The sy sten1na i nc

| i nftiEHUIED, h%p@?qtpétsplyﬁcq{g Lar; 1%50t3gglitg:gtg a parﬁcular process order
tel e g[@alﬁé{fﬁ{gb&emsy&&ﬁafgh s?@@]ﬁ@ eHBBERAdts NPR teealihnhated
I'n

cont al g nanow re transistors as described in this
di sanddescrbididreideit avill derapnresiassashyethese @fordipary gkill in the art

14" ThLY an(r’g/gz?#a{n%§mer(?te\\lzhn%ﬁ lggilylﬁﬁéd td égﬁ{vermg H&gé purpose may be

commruni rocessor no
appiubsetutaifos ﬂ&i:ﬂpfei:lﬁcrmdmdeﬂenta nhrbwmyThlﬂ @ppldieation is intended to

multil a tul tichi.p. nod Ies h circuitry
g e e A A A
SY StfdBstoSd!Hat S aBoGe a@d@npﬁoﬁ RliRteh8¢ D0, bedillagtdtiviehamenot
a personal conmputer, an autonobile, an industria

contestictiys Eembingtions pE therbovesmbeiments, anthethap.srpgdiments,
ISmaywlﬂ?bé %I?;la!rgrﬁ ¢ BRs8 oFBRERNY el &;?on%@fe@hﬁ% A ﬁ‘i?d?:?é%r[cﬁng the

t ransi st accordi ng to various ‘enbodi men It wl
be abui/erdsmmndxonha’theesndwcbfrthnp@sartequctahalycrabpuldmmeéemmed

d,t
| nt ‘é’ﬂ'g ég‘lefzegw%g hey@BP%IH;egnFa%Bar&%&vL{hah Rxgles%gﬁ ﬁg%%lrn{/alents to
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13



types include a DRAM SRAM (Static Random Access

Menory) or Flashnenories. Additionally, the DRAM coul d
wheooa/1304 hr onous DRAM commonly referred to asPEERSIN07/008123

(Synchronous G aphi cs Random Access Menory), SDRAM

(Synchronous Dynam ¢ Random Access Menory), SDRAM p,

and DDR SDRAM ( Doubl e Data Rate SDRAM) . Vari ous

enmer gi ng nmenory technol ogi es are capabl e of using

nanowi re transistors. This disclosure includes several

processes, circuit diagrans, and structures. The

present subject matter is not limted to a particular

process order or |ogical arrangenment. Although

speci fic enbodi nrents have been illustrated and

desWhatdsclabned is: it will be appreciated by those of

ordinary skill in the art that any arrangenent which

is calculated to achieve the sanme purpose may be

subdt i t utdethettmd foh forapeg a fragsisinh cdMpPEAME: shown. Thi s

application .is intended to.cqver adaptations or

vari at i orf%mblf’gtaﬁganﬁllsggg’ﬂfly’éﬁ@}lg’gg' matter. It is to be

sinder st ood t habrrhing agilueo fdesarphqtsi semi¢cnductbencieatial on a

be illustrative, and not. restrictive.. nbinations, of .

the above enbodi merfr¥stalling sghstate. ptiirhaying a %Il’?hcl%aphw

apparent to those qjckkéds! addd the art upon review ng

and under st andi ng the above description. The scope of

the present smrfgaquoélﬂ@ﬁ%wtaw (FREXPIRFERs A0 Gpstellize the

reference to the apagg%}gﬁ%sfggﬁjig@,dﬁ@{gf Bkt DsihBend stlybtalline

scope of equival ents suc alns are .
1@ntitled. What is clsubstese tsseed thercnystaling gfowthf thertrangistor body

transi stor, conprising: .forning a trapsistor. bo .

i ncl uding: form ngsi&"gg fanFg]b'? &gr’fﬁs&ﬁgﬁ%dssse c%rbcﬁ%{% Yhar
material on a crystidhhbdifa GHPSUrEs/@sain Regian drdad sdoand ng
a sublithographic thickness; and performng a solid

phase epitaxy (SPE)SO¥Fe6(dais regory ystal li ze the _
amor phousfoéﬁi{g %%g%ﬁﬁ&ﬁ g&&%gmm#ébnﬂd iR&effidotidatioh pllar;
eed t ec% stall t he

substrate to i ne grow h,
13 ramsd st or body

forming a surrounding gate around and separated from the semiconductor

pillar by the surrounding gate insulator.

2. The method of claim 1, wherein forming a pillar of amorphous
20 semiconductor material on a crystalline substrate includes forming a pillar of

amorphous silicon on a crystalline silicon substrate.

3. The method of claim 1, wherein forming the surrounding gate insulator

includes forming a silicon oxide.
25

4. The method of claim 1, wherein forming a surrounding gate includes

forming a polysilicon gate.
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being forned in the crystallized sem conductor pillar

between a first source/drain region and a second
WG@ouraz4er ai n regi on; formng a surroundi ng garE&I/US2007/008123

i nsul ator around the sem conductor pillar; and formng

a surroundi ng gate around and separated fromthe

sem conductor pillar by the surrounding gate

insulator. 2. The nethod of claim1l1l, wherein formng a

pillar of anorphous sem conductor material on a

crystalline substrate includes formng a pillar of

anor_phous, silico a crystalline.silicon substrate

3. fhe maPRARFERd ef e I VRREIORT I ARG piBE Eate inSTudes
SUr kEQHIAE Behedatgatd. nsul ator includes forming a silicon
oxi de. 47 The method of claim1, wherein formng a

surroundi ng gate includes formng a polysilicon

gatg: S. in€ h 3 S Jreb st e Burrounding gat
03 Bounan PP kPl RIS P Syroupig o
Sret baxh thét the aumoundifigigath des g beight Ssaihan e height nfjtheipellar.
surroundi ng gate such that the surrounding gate has a

hei ght | ess than a height of the pillar. 7. The method

of gl ai Mrhe nhdthdd8f claP P! fusthBBcdpriindfdrieng fhedirst source/drain
source/drain region in the substrate and form ng the
sec segios s the subraternddgraing the secoBp SPYEE/ HEN KiEiQThE a top
pi | . 8. @t hod for formng a transistor,
con%gﬁgpﬁg?ﬁ§€$%$ng a transi stor body, including:
1ormng silicon nitride on a silicon wafer; etching a

.the hol e having a m ni num

ngguLQ 2¢§5§%hggg nLtr% g?ﬂ?SﬁéﬂmPﬂgngilicon nitride
to the sifbintiff aWahsittor body, including:
forming silicon nitride on a silicon wafer;
etching a hole in the silicon nitride, the hole having a minimum
15 feature size and extending through the silicon nitride to
the silicon wafer;
reducing a dimension of the hole to less than the minimum feature
size, including forming silicon oxide sidewall spacers on
sides of the silicon nitride that define the hole;
20 filling the hole with an amorphous silicon;
removing the silicon oxide sidewall spacers to leave an
amorphous silicon pillar in contact with and extending
from the wafer; and
crystallizing the silicon pillar to form a crystalline silicon pillar,
25 the transistor body being formed in the crystalline silicon
pillar between a first source/drain region and a second
source/drain region;

forming a surrounding gate insulator around the semiconductor pillar;

and
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reduci ng a dinmension of the hole to |l ess than the
m ni mum feature size, including formng silicon oxide
wG@r@enzl4h2 spacers on sides of the silicon nitrpPdEUSINAT/008123

define the hole; filling the hole with an anorphous
silicon; renmoving the silicon oxide sidewall spacers

to | eave an anorphous silicon pillar in contact with

and extending fromthe wafer; and crystallizing the
silicon pillar to forma crystalline silicon pillar,

the transi stor body being formed in the crystalline

silicon plllar bet wee i rst sour.ce/drai on and
a second {STUPE&SYFIPHIPS 5?‘8 aroyngandsgpaatet] Moy, :}? ﬁ}f sggconductor

gat 1lla?§9|tl@éMﬂ@h@ﬂ@%ﬂé‘hﬂsﬁ@i&condumOr pillar;
andform ng a surroundi ng gate around and separated

fromthe sem conductor pillar by the surroundi ng gate

| nsgl = oﬁ’}}e%netﬁgc?o{ra%%? g wgflerglnathghérgfl thE 'cpysfahl‘?ne silicon pillar

hei ght of the crys ne silicon pi I's 1 ess than
3 heisnliesd nhamﬁeaatrunmensfezmre §ide. The net hod of claim 8,
wherein formng a surroundi ng gate insul ator includes
oxidizing the crystalline silicon pillar. 11. The

met hod ofThelmétAd@of éluint BEWh&efonainkt Sirfhindmgaty insylator
gate and drain contacts for _a stand-al one transistor.
12. inghedegoppbigng thegrystatlige sligpp R¥FTconpri si ng for i ng
a source line, at least one gate line, and a drain
contact for a transistor array. 13. A nethod for
10 or hing &hemaetbodobelaine 8nforthei erynprisingreiehing spursasgate and drain

v Bpoieds 6 e wBPEVRRRRE <7 Con i tride. the hol e
haV|ng a mninum
12. The method of claim 8, further comprising forming a source line, at least
one gate line, and a drain contact for a transistor array.
15
13. A method for forming a transistor, comprising:
forming a transistor body, including:
forming silicon nitride on a silicon wafer;
etching a hole in the silicon nitride, the hole having a mimmum
20 feature size and extending through the silicon nitride to
the silicon wafer;
forming silicon oxide sidewall spacers on sides of the silicon
nitride that define the hole;
filling the hole with an amorphous silicon, the amorphous silicon
25 being in contact with the silicon wafer;
| removing the silicon oxide sidewall spacers to leave an
amorphous silicon pillar in contact with and extending
from the wafer; and
crystallizing the silicon pillar to form a crystalline silicon pillar,

30 the transistor body being formed in the crystalline silicon
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feature size and extending through the silicon nitride

to the silicon wafer; formng silicon oxide sidewall
wapacarEInn sides of the silicon nitride that PEf/U8sm®07/008123

the hole; filling the hole with an anorphous silicon,

t he anorphous silicon being in contact with the

silicon wafer; renoving the silicon oxide sidewall

spacers to | eave an anorphous silicon pillar in

contact with and extending fromthe wafer; and

crystallizing the silicon pillar to forma crystalline

silicon pillar, the.transistor.body being forned i

the crystalline sil® %rﬁﬁ%‘f'?%'a %@?%%ﬁggra FF&on $hd d'sccond

source/ drai n regi onoanRd/Raineegion; source/ drain region;

form ng a surroundi ng gate insulator around. the,

silicon [emMAga SHFAUILRKEHE IBsulaleT Bove &‘G syigoa pillayy angd

and sepa § bl [ il il

aur  ounaraing pBfblifiog ki ol ont 3ot Bom the siticon pilla

4.3, by tiet sweroundimgrgats ingulbtor.ni ng a first contact on the

wafer in contact wwth-the first source/drain region,

formng a gate contact in contact with the surroundi ng

gat 4. andhkendthétDofclaiae 03\fufthetcdaiprising foemitig 4 fissncontact on the

pillar in contact with the second source/ drain region”

15. Wifes insenaet with tefirs SP:‘}}'C%E‘PQP&‘WO&HF‘W 3,gate contact in

sur E@MQ&'\%@P ﬁ)%tsﬁrrbﬂﬁ&ih%%, ACl RS LT ESYadtd the silicon
silicon pillar. 16. A method, conprising: formng a
18 | pilaniméantaad evithethe seesmdgowickideain réga¢r ; et chi ng a
hole in the silicon nitride |layer, the hole having a
m ni mum feature size and extendi ng through the silicon
ni tnfde tThetnhad of caim W& fveliereihdomning asuitoonding gawansulator

sidewal | spacers within the hole in contact with the
includes oxidizing the silicon pitlar.

15 16. A method, comprising:
forming a silicon nitride layer on a silicon wafer;
etching a hole in the silicon nitride layer, the hole having a minimum
feature size and extending through the silicon nitride to the silicon wafer;
forming silicon oxide sidewall spacers within the hole in contact with the
20  silicon nitride;
filling the hole with an amorphous silicon, the amorphous silicon being
in contact with the silicon wafer;
removing the silicon oxide sidewall spacers to leave an amorphous
silicon pillar in contact with and extending from the wafer;
25 crystallizing the silicon pillar to form a crystalline silicon pillar;
removing the silicon nitride from the wafer;
forming an insulator layer on the wafer and the silicon pillar;
forming a surrounding gate around and separated from the silicon pillar
by the surrounding gate insulator;

30 forming a first source/drain diffusion region in the wafer;
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silicon nitride; filling the hole with an anorphous
silicon, the anorphous silicon being in contact with

wao b@78204pz0n waf er; renoving the silicon oxi depGI/tisai/ 008123
spacers to | eave an anorphous silicon pillar in
contact with and extending fromthe wafer;
crystallizing the silicon pillar to forma crystalline
silicon pillar; renmoving the silicon nitride fromthe
wafer; formng an insulator |ayer on the wafer and the
silicon pillar; formng a surroundi ng gate around and

separatedfromthe S|I|C%J1$) é Igthes rroundlng

gate i nsﬁ?@t‘%agﬁ@ﬁw}?ﬁt hpgent fo bg SPEaynd 8% di f f usi on
region i gichiify mﬁ%ﬁrfﬁwmﬂg s@r@Ridin Lot asd a&ﬁiﬂ AFRIE of the gate
the surround gate; etching a top surface of the

sur contadita e yalow atep wrfaepobiiePdla: of the gate contact
to be belf?l%%atﬁxtegﬁu&\ﬁef aRfm }lﬁ‘?oﬂo' I'Tar; filling the

structure ormng a second

sour ce/ df@ining afsémdcsnumegirmn di ffusiont tagiquuinta top poftianhef the
|II;:11{ gdform’ng contacts through the insulator to

t hePH¥-A"%sour ce/ drai n regi on, the second source/drain

regi on apginihe camhés aadt@cthe iAhlatdhe the ke dotrce/drain gegion, the
16, wherein formng an insulator on the wafer and the

si | besond spurceldraimEqaiRandoiRr 8P RY'Che waf er and t he
silicon pillar. 18. The nmethod of claim 16, wherein

form ng a surrounding gate includes formng a
1ol y3i | | Tan nyabe oflaim\l Grerievein foonipgiasiinglatbemthegvafer and

o et IHrabroATs o1 Gty e PR SrHraERlE or
etching a plurality of holes in the silicon nitride,
the lg.l ur g[‘lhle trr)lletl?c]:d cl;lf cllalm 16, wherein forming a surrounding gate includes
forming a polysilicon gate.
15
19. A method, comprising:
forming at least one buried source conductor in a silicon wafer;
forming a silicon nitride layer on the silicon wafer;
etching a plurality of holes in the silicon nitride, the plurality of holes
20 being arrahged in an array of rows and columns, each hole having a minimum
feature size and extending through the silicon nitride to the silicon wafer, at least
two of the plurality of holes being formed over the buried source conductor;
forming silicon oxide sidewall spacers within each hole in contact with
the silicon nitride;
25 filling each hole with an amorphous silicon, the amorphous silicon being
in contact with the silicon wafer, the amorphous silicon in at least two of the

plurality of holes being in contact with the buried source conductor in the silicon

wafer;

18



being arranged in an array of rows and col ums, each
hol e having a m ni num feature size and extendi ng

W booouga9: he silicon nitride to the silicon WalP@&r/USHD7/008123
| east two of the plurality of holes being fornmed over
the buried source conductor; formng silicon oxide
sidewal | spacers within each hole in contact with the
silicon nitride; filling each hole with an anorphous
silicon, the anorphous silicon being in contact with
the silicon wafer, the anorphous silicon in at |east

two of the plurality of holes bejng i ith
the buri SamBtteRe e eriar Sonving efh EIR Embhcbs sticon

r empidhsh ERadtivitiCail exédibnshiropvbt wasgatherssndrphdusasilécon pillar
anmor phous silicon pillar in contact w.th an? ext endi Qr%
f r ohaYing crasseectionabdigenpions less thanthe,Rymum, featurg sizg. a

Cr 05S- Seq At ind BRI NLES ol ARr{sbA1iAR BliBThillar

feature size; and cryst 1zing the silicon pillar to
$orm a crgmowngitimesibicen witnmdepfrotahe watampvi ng t he

silicon nitride fromthe wafer; f ' ] daf.or
| ayer on??wnmé?su%‘arhlﬁﬁ%r oL tF‘F évg%é’rgn??%era%hlk%?%ﬂ% a
sur r oundifpgnig@laduabandifg gad as@pdrant edpdratedfione tisi diliconrpillar

pillar by the surrounding gate insulator; formng at
| eaby thmBirepanding; g3te 1871a08Nt to each row, the at | east

one gate fhﬁﬁ‘iﬁg Rejeast dre gaRNCdjabehitoRAEK W the U RbAGne gate
gate in the row, etching a top surface of the

1@ ur lipa bdingdn gemtactawith aaq%myrr%ﬁqlla% gatsfin thperoyst e cont act
to be bel ow.a t su f ' ondi bl L

St uct ur € B SHEEPEiR s dfidthe kb and s op ARSI he gate
SOUEERActtaibe badidvi Wsoposurfaegobtheipillar; t op portion of the
pillar; and formng a coﬂt act to the second

sour ce/ didling thegiyRuroyIth-pRANSARG G of cl ai m 19,

wher ei n frohihB g sBBrdd DUt RIRAIn U hd16n YEAG intdbptpdetion of the
silicon pillar includes oxidizing the wafer and the

15i | pdbwm; gud | ar .

forming a contact to the second source/drain region.

20. The method of claim 19, wherein forming an insulator on the wafer and
the silicon pillar includes oxidizing the wafer and the silicon pillar.

20 |
21. The method of claim 19, wherein forming a surrounding gate includes

forming a polysilicon gate.

22. The method of claim 19, wherein forming at least one buried source
25 conductor in a silicon wafer includes implanting a dopant in the silicon wafer.
23. A transistor, comprising:
a crystalline substrate;

a first source/drain region formed in the crystalline substrate;
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2 1. The method of claim 19, wherein formng a

surroundi ng gate includes formng a polysilicon gate.
wQ@2007Tte9ret hod of claim 19, wherein form ng apCT/E881D7/008123

one buried source conductor in a silicon wafer

includes inplanting a dopant in the silicon wafer. 23.

A transistor, conprising: a crystalline substrate; a

first source/drain region formed in the crystalline

substrate;a crystalline sem conductor pillar forned on

the substrate in contact wwth the first source/drain

region, the i conduct or |IIar hav ng.,cr.o ect
di nensi oASTY sgagg‘]“?. ?Fé‘?fc‘&mﬁﬁ Hf dr er(‘;’tshiczS e gtra%e e ‘l’onda ot with

S OUfHe e 19f sdufce/ @@inaagion medemsboadnapr Pillai hmn@éroweecnon
pillar; a gate |nsu§ator formed around the pillar; and

a séK@%@H@FW@ dhanea IR 53R §28nd separated from
the pill dL 36 r QR Sin rBsibh 3 ed 84 tod PErtionTIhS bidtar;
of cl ai qugxhhergln t lnéenlconddcto?ggll I ar hasba
irossseca@aw1d&dmnsﬁnnwdmnmm@tbcudhrdmdone third of
the m nimum feature siz n t
23. wher & SHITOIK 1g% ﬁ?tg Sﬂ%ecdtz ag cp 141 sepﬁr%ﬁe% i%m%e Shﬁi‘ [R: the
crogageﬁimgandlnen5|on on the order of 30 nm 26. The
transi stor of claim 23, wherein the gate insul ator
i ncludes silicon oxide. 27. The transistor of claim
23, yyher gin txtanﬁsl??BFcl'aﬂﬁ bydgs r@mptﬁlz X%icbﬁ%t&aﬂlﬁar K#3-a cross-
The transi stor alm 2 ereln the gate includes
1 nedcgionglimnensi@on metqrdmfsxng third ofifhe inginumefeature size.
crystalline silicon substrate; a first source/drain
region formed in the crystalline silicon substrate; a
cryssal | Mhe ushbisoeof Plainh a8, Whérmipdhe serhitondudiet pitituchdsra cross-

contact with the first so %F/draln region, the
si | ecgpn gimension o thePraetdd 30t i on di nensi ons | ess

than a
15 26. The transistor of claim 23, wherein the gate insulator includes silicon
oxide.
27. The transistor of claim 23, wherein the gate includes a polysilicon gate.
20 28. The transistor of claim 23, wherein the gate includes a metal gate.
29. A transistor, comprising:
a crystalline silicon substrate;
a first source/drain region formed in the crystalline silicon substrate;
25 a crystalline silicon pillar formed on the substrate in contact with the first

source/drain region, the silicon pillar having cross-section dimensions less than a
minimum feature size;
a second source/drain region formed in a top portion of the pillar;

a gate insulator formed around the pillar;

20



m ni mum feature size; a second source/drain region
formed in a top portion of the pillar; a gate

wo p®ahzer forned around the pillar;a surroundP@USEDE008123
formed around and separated fromthe pillar by the
gate insulator; and a gate contact positioned adjacent
to and in contact with the surroundi ng gate, the
surroundi ng gate and the gate contact being etched to
have a top surface below a top surface of the pillar
30. The transistor of claim29, wherein the
sem conduct or pj.llar, has crosssection di nmensi on..on
The. or def SBRORNE fFte oGS FESH TARPLE GV taf BUEFey the
31. gdibendulaAtsaad or of claim29, wherein the
sem conductor pillar has a crosssection dimension on )
t he or dep g8fe coMtaghposiponed adjagsal to3PH In EoRfpst Wity e syrrounding
ery L e : . .
¢ o PAR e i Glndifif B @ RS e odhucct bEmgMRHLAT, i iop surface
£r ybtlaiv 4 top ssifaccofithpipillanr f ormed on the substrate in
contact with the first source/drain region, the
silicon pillar having cross-section dinensions |ess

thagpa nNiPRE R4AsibeAbIERInS 28 Swhéretnato Bémotdwtodyitlahas a cross-
region formed_ in a top portion of }he pillar; a gate
i nsercaendimensipiton s iden dfengithirdet thy iR {arHE 92t e
formed around and separated fromthe pillar by the
gate insulator; and at | east one gate |ine positioned

1&dj atent Thoe transiston of claina 2P, wiherkintthe sernicondunionijllagnhas a cross-

the surrqundin al,e and t ate line being etched to
hav&® OPangrffF‘%h%%hﬁeqr %O;}t%or%n'surface of the pillar.
33. The transistor of claim32, wherein the at | east

oneagate line includes first and second gate |ines
adj 3&ent At BROSHECT FOTEBHTAST with the surrounding gate

on a crystalline silicon substrate;
15 a first source/drain region formed in the crystalline silicon substrate;
a crystalline silicon pillar formed on the substrate in contact with the first
source/drain region, the silicon pillar having cross-section dimensions less than a
minimum feature size;
a second source/drain region formed in a top portion of the pillar;
20 a gate insulator formed around the pillar;
a surrounding gate formed around and separated from the pillar by the
gate insulator; and
at least one gate line positioned adjacent to and in contact with the
surrounding gate, the surrounding gate and the gate line being etched to have a

25  top surface below a top surface of the pillar.

33. The transistor of claim 32, wherein the at least one gate line includes first
and second gate lines adjacent to and in contact with the surrounding gate on
opposing sides of the pillar.

30
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opposi ng sides of the pillar.34. A sem conductor

structure, conprising: a crystalline substrate; and a
waesraznaguct or pillar formed on the substrate PEI/US2007/008123

contact with the first source/drain region, the

sem conductor pillar having cross-section dinmensions

| ess than a m ninum feature size, the sem conductor

pillar having a crystallized bottom portion and an

anor phous top portion indicative of a

partially-conpleted solid phase epitaxy (SPE) process.

35. _The structure of claim34, further conprising a

si | pdon At 1gHIgRN “&%F“Bﬁ“f%@@ﬂ%‘{‘&at e, the silicon

nitride LayRtalRed bsesRast ed fromthe pillar by a
voi d.

10

a semiconductor pillar formed on the substrate in contact with the first
source/drain region, the semiconductor pillar having cross-section dimensions
less than a minimum feature size, the semiconductor pillar having a crystallized
bottom portion and an amorphous top portion indicative of a partially-completed

solid phase epitaxy (SPE) process.

35. The structure of claim 34, further comprising a silicon nitride layer on the

substrate, the silicon nitride layer being separated from the pillar by a void.
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