GROMAN NANOFI N TRANSI STORS 5 Cross Reference To Rel ated Applications
Benefit of priority is hereby clainmed to "Nanowire Transistor Wth
Surrounding Gate," U S. Application Serial No. 11/397,527, filed on Apri

4, 2006; "Etched Nanofin Transistors,” U S. Application Serial No.

11/ 397,358, 10 filed on April 4, 2006; "DRAM Wth Nanofin Transistors,"
U S Application Serial No. 11/397,413, filed on April 4, 2006; and
"Tunnel i ng Transistor Wth Sublithographic Channel,” U S. Application
Serial No. 11/397,406, filed on April 4, 2006, which applications are
herein incorporated by reference. 15Technical Field Thi s discl osure
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15 Technical Field
This disclosure relates generally to semiconductor devices, and more

particularly, to nanofin transistors.

Background

20 The semiconductor industry has a market driven need to reduce the size
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

25  MOSFET technology to the deep sub-micron region where channel lengths are
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

30  Angstroms for channels lengths 102 that are approximately 1000 A long. Such
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



voltage roll off, and sub-threshold conduction. Sub-threshold conduction is
particularly problematic in DRAMtechnol ogy as it reduces the charge
storage retention time on the capacitor cells. These extrenely high doping
levels result in increased | eakage and reduced carrier nmobility. Thus, the
expected inproved 5 performance attributed to a shorter channel is negated
by the lower carrier nobility and hi gher |eakage attributed to the higher
dopi ng. Vodtagarpd! efiiy argrsubitbreghald gnnduatiant Siubsthleesmidlowduﬁmiomeige and
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better than the conventional bulk silicon MISFETs, because compar ed to a
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refers to structures where both gates are driven when the same potential. An
example of a double-gated device structure is the FinFET. “TriGate” structures

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



channel . The surrounding gate further screens the electric field generated
by the drain electrode fromthe source. Thus, sub-threshol d | eakage current
characteristics are inproved, because the sub-threshold current is reduced
nore quickly as the gate voltage is reduced when the dual -gate and/ or
doubl e gate 5 MOSFET turns off FIG 4 generally illustrates the inproved
sub-threshol d characteristics of dual gate, double-gate, or surrounding
gat es MOSFETs ¢hangdnpidiei ssimounding igetesiusheracesshe e alérdria diebt geneiated lnf the
conventional bulk silic FETs. FIL.GS. BA-C illustrate a conventional
Frer. pra ok e PR e s B o e et s
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buri ed oxide SOSHHTS.5C illustrates a conventional etch technique for
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the fin is subsequently reduced by oxidation or etch, as illustrated by
arrows 510. Suf?#rgBy Pispdiveeatsd FinkHe5 O wshides s disjteourcatdreiaregipo bl a r at hi n
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of CMOS transistors where both the thickness of the body of the transistor

and channel | efidiheaiave? & foemsd over thadinialier thraids isHegnepticeoai Mdudinons.
For exanpl e - SoiBe ANRAGINRALSCRIAY] ARFRTYE Al NRPBLLOPoYat Bpd bRt Shess
on the order of 20 nmto 50 nm 5One aspect of the present subject nmatter
rel ates to a mltkoades arorhenhibng e&ch technique for fabricating the fin for the FINFET.
As illustrated in FIG. 5C, the fin width is defined by photolithography or e-beam
20  lithography and etch. Thus, the fin width is initially a minimum feature size
(1F). The width of the fin is subsequently reduced by oxidation or etch, as

illustrated by arrows 510.

Summary
25 Aspects of the present subject matter grow ultrathin fins of
semiconductor (e.g. silicon) from amorphous semiconductor (e.g. a-silicon)
using solid phase epitaxy (SPE) on a crystalline substrate. The SPE process
recrystallizes the amorphous semiconductor, using the crystalline substrate to
seed the crystalline growth. The amorphous nanofins are formed with

30  dimensions smaller than lithographic dimensions by a sidewall spacer technique.



transi stor. According to an enbodi nent, a fin of anorphous sem conduct or
material is fornmed on a crystalline substrate, and a solid phase epitaxy
(SPE) process is perfornmed to crystallize the anorphous sem conduct or

mat erial using the crystalline substrate to seed the crystalline growh.
The fin has a cross- 10sectional thickness in at |east one direction |ess
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20  formed on the sides of the silicon nitride that define the hole. The silicon nitride
layer is removed, leaving the amorphous silicon oxide sidewall spacers on the
silicon wafer. The sidewall spacers are crystallized. The sidewall spacers are
masked and etched to form at least one silicon fin from the sidewall spacers.
The silicon fin is positioned over a doped region to function as a first
25  source/drain region for the transistor. A surrounding gate insulator is formed
around the silicon fin, and a surrounding gate is formed around and separated
from the silicon fin by the surrounding gate insulator. A second source/drain
region is formed in a top portion of the silicon fin.

An aspect relates to a transistor. A transistor embodiment includes a

30  crystalline substrate, a crystalline semiconductor fin on the substrate, a gate

4



FIG 2 illustrates sub-threshold | eakage in a conventional silicon MOSFET.
15FIG 3 illustrates a dual -gated MOSFET with a drain, a source, front and
back gates separated from a sem conductor body by gate insulators, and an
electric field generated by the drain. FIG 4 generally illustrates the

i nproved sub-threshold characteristics of dual gate, double-gate, and
surroundi ng gate MOSFETs in conparison to the 20 sub-threshold

char act eri st i dssulfitoc fervexdtaroural thb dilnk asd Msmmuridm:@ls forﬁie@.roﬁﬁ zfi)di [lustrate
a conventional_Fin GS. 6A-6 roce for formng
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subj ect natt erdimension that is fek§3than al thiniStmafe@SredsitQPTNE Bipedvideslaayout of
nanofins for an array of 25nanofin transjstors, according to various

enbodi nents of VA br‘é'sf‘é‘ltﬁ diappeldietwean alowver source/dpairegion pd &t HRRSs a
process tosf abgicalfag LaRaf i n tranS| stor, according to various enbodinents
of the present subject natter. FIG 9 illustrates a process to
f or m anor phous sem "qu!ﬁ@uoﬂ@fcheﬁlaﬂs%t@@abodmntﬁg adanyages.cus! featbrdivitint s of

t he present subject nay t .S I|f|e .bl.oc ram
of 2" ghe| evereBrsARPYSE] SRmaPe falloviug dampstipRen Pl Bricat fibigy i el
according to vtaélrﬁH&neéﬂ)dhdimﬁgkts of the present subject matter.

FIG 11 illustrates a diagramfor an el ectronic system having nanofin
5transi stors. FIG 12 depicts a diagram of an enbodi nent of a system

having a qgntroller and a MeNg§pfef 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
MOSFET.

15 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.

FIG. 4 generally illustrates the improved sub-threshold characteristics of
dual gate, double-gate, and surrounding gate MOSFETS in comparison to the

20  sub-threshold characteristics of conventional bulk silicon MOSFETs.

FIGS. 5A-C illustrate a conventional FinFET.

FIGS. 6A-6L illustrate a process for forming a nanofin transistor,
according to various embodiments of the present subject matter.

FIG. 7 illustrates a top view of a layout of nanofins for an array of

25  nanofin transistors, according to various embodiments of the present subject
matter.

FIG. 8 illustrates a process to fabricate a nanofin transistor, according to
various embodiments of the present subject matter.
FIG. 9 illustrates a process to form amorphous semiconductor fins,

30  according to various embodiments of the present subject matter.



Det ai | ed Description 10The foll ow ng detail ed description refers to the
acconpanyi ng draw ngs whi ch show, by way of illustration, specific aspects
and enbodi nents in which the present subject natter may be practiced. These
enbodi nents are described in sufficient detail to enable those skilled in
the art to practice the present subject matter. The various enbodi nents of
the present subject matter are not 15 necessarily nutually excl usive as
aspects of one enbddGagAtis & amplifieddribiindidgmaint ¢f akigbdevel of gairstivaof

enbodi nent. O her enbodi.nents be utilized and structural .l ogi , and
el ectrical ché’n%ﬁggs ?rrﬁ§° e errr’%tsaoefrg\?\n%f“ ot °% é%eaarctc P%b" foovna\rkoﬁ‘fg e%‘(]f’g(phég%ftg?te
present subj eche pRkéisubjett tbeerf ol | o ng description, the ternms "wafer" and
"substrate" are interchangeably used to refer generally to. any 2Qstructure
on whi ch integrat ecFI@-rl&aﬁ%%raéﬁsﬂlegrﬁ%f,oraﬁales QyCysERdiRvEE 1dPliPes duri ng
vari ous stages.Qfisigpt.egrated circuit fabrication. Both terns include doped
and undoped sem conductors, epitaxial |ayers of a sem conductor on a
supporting seni condiiét 2 dgpiciswdieatanngl armerabedimentofbiystan bagngf such

| ayers, as wel]| t her h_structures that are known in the art. The
term"hori zontcgf’&ggé;r uas%l Pﬁﬁ't his application is defined as a pl ane
parallel to the conventional plane or surface of a wafer or substrate,
regardl ess of the orientation of the wafer or substrate. The term
"vertical" refers to a direction pREfHkdiRSEEHPULB t he horizontal as defined
above. Prepositi onsrhstiBwass d@iled dssb@tion réfirgReihe accoBPRlying d@Wakgs and
“under" are defined with respect to the conventional plane 30 or surface
bei ng on the tVdjckghgvady wiy ehélugiitian, specsliihateets and capaddraysipyvhiche
orientation of f.er: f | ' pption
is, therefor e,th%Q%S% sg{éle? {31 gﬁ&frﬁ&gﬁﬁp%&??eggiﬂgﬁ%‘%@ggﬁgﬁﬁiﬁggg%%&% t he
present i nventinoenfficsentidéiariad coshly tHoge shidled ppdrdediogiraitive, thapeaentsibjact he
full scope of eqtiiji VﬁJPents to ifﬁh sucqt} cl ai ns are. enti&l ed. 5Di scl osed
herein are nafBiH tFEYENEPLFEOOUMENE A ARG Prestht SHOIPE AR HFE® PR whi ch
vertical apDrpReesaslylrheQRIIahdi RS aPisPetie 6F Yad ahbbdiadkn®BabsSthiabiade to
make single crystalline silicon nanofin transistors. Aspects of the present

subj ect mat t erVight apieefs of anethpiembedisiest dPheppmpodimenicapy bpatHetdandiher e

et e PSR SN DO A ki i, oo
gl on at the top or t I n: . | ustrate a
process for f dhersargeaf Hanokesant subject matter. In the following description, the terms
“wafer” and “substrate” are interchangeably used to refer generally to any
20  structure on which integrated circuits are formed, and also to such structures
during various stages of integrated circuit fabrication. Both terms include doped
and undoped semiconductors, epitaxial layers of a semiconductor on a '
supporting semiconductor or insulating material, combinations of such layers, as
well as other such structures that are known in the art. The term “horizontal” as
25  used in this application is defined as a plane parallel to the conventional plane or
surface of a wafer or substrate, regardless of the orientation of the wafer or
substrate. The term “vertical” refers to a direction perpendicular to the
horizontal as defined above. Prepositions, such as “on”, “side”, “higher”,

“lower”, “over” and “under” are defined with respect to the conventional plane

30  or surface being on the top surface of the wafer or substrate, regardless of the



transi stor, according to various enbodi nents of the present subject matter.
FIGS. 6A and 6B illustrate a top view and a cross-section view al ong 6B- 6B,
respectively, of a sem conductor structure 611 with a silicon nitride |ayer
612, holes 613 in the silicon nitride |ayer, and sidewall spacers 614 of
15anor phous silicon along the walls of the holes. The holes are etched in
the silicon nitride |ayer, and anorphous silicon deposited and

di rectional | y ceicotaidntod thewefer onsubstmtet Héhedblewalg detailfdelcholig®ngs3 ar e

et ched t hroug Sili |tr|dela 612 t waf er  or

substrate 615qh &e ?%ﬁ% Wﬂ??&&‘ﬁﬁ%&e’ﬁem tS?éwpgr?g ERFEEE - section
view along i ﬁﬁv&%&@@eﬁﬁ@lwﬂ?byﬁ% 3ppedlied diginss, blogEbvith @EtfeN stdpe & | i con
nitride layer is renoved. As lustrated, after the silicon nitride |ayer

is renoved, t FEURIRBRRI0 ehigh sugh damegare g8tidedandi ng nar r ow r egi ons of
anor phous si | i con. ﬂﬁ@lo‘éﬁ@ﬂéﬁéin@e RALIE] Gﬁ?&oétg{?ﬁifb@nﬁt‘l&f

referred to as "racetrac terns, have a genera ‘%y el ongat ed
rect angul ar shvepeh v&’ﬂui@awrd@rrphoﬁs $1he011 nar@sﬁnssred@t:e'smlmd otnya 2bstrite to hi ckness
of the anor phou:ﬂfK Si. | |1con the i PR nd |i tshg E For exarrpl e,
the thi ckness "6t“tH&> '8 6?JCSSI§? r}r(‘:on S8 ¢ A p SPSE imto 50
rim accordi ngubﬁcvmttwoeﬂ!beﬂh@&mhﬁnmﬁomifitldvéﬂmaslec}ﬁﬁhélaxwl@ére (1&=IPE)s gr owt h

process i'sS use r ystal]lize the standi n narr ow regi ons of anor, hous
silicon. The égE‘ %gw&/sf’firawrrag@gsatf %@&05% H) $1Klp SSPI SO/ AR FIRPD ¢ he

structurejpo %@tlfeat'é?%fftﬁkeﬁﬁnl‘)f@@% ﬁi'dlhéipﬁeﬁﬁr&%yssfo@'f&ﬁrﬁﬁg aR@AbARI ng at
the interface with silicon substrate 615 which functions as a seed for

crystalline grtmvsistqupaqchrdm@to Yédipus gmbiodimentpof thepmeseof sublirst s1a8edi ng nar r ow
regions of silicon pics 6 ok & iRE L Hh LTS R4 LOR LS lich Mo et ur e

611, after a mask layer een app areas are
| eaving free- SﬂBiméhpI&gtl\fdljﬂ,S)ﬁam’eﬁﬁd)rmﬁucﬁcBtfﬁdtﬁ:iel(ilrle)vﬁh hisilizon nﬁ’tln@SlaﬁF and 6G

illustrate at Vi ew cross-section view along |ine

respectively, 635 polgs Bg?f‘b&ﬁ syfeop mAEide dayen; and Sf WIGSPSCSr?\6E?P?ed doped
region 617sf uraeftdrgn&lsassh@mf 1694 th%%lgq{fdﬁ@haeg e@hemmw%%@ét@héwlﬁtaevar I ous
enbodi nents, the buried doped regi on can atterned to forma conductive

line either t wehqoawmdedayqunwdonm@'@hpwmbﬂtort ogitedbndodirdciingally @Fha tog 11
illustrates a;tQp o\ﬁ'hﬂ% 9{6 glﬁ'&vﬁfsr UefeHoes é’Y%eJrg e{chgd Iﬂr%gﬂ@%%ﬂﬁ:%ﬁ@:itride

layer 612 to a silicon wafer or substrate 6135.
FIGS. 6C and 6D illustrate a top view and a cross-section view along line
20 6D-6D, respectively, of the structure after the silicon nitride layer is removed.
As illustrated, after the silicon nitride layer is removed, the sidewalls 614 are left
as standing narrow regions of amorphous silicon. The resulting patterns of
standing silicon can be referred to as “racetrack” patterns, as they have a
generally elongated rectangular shape. The width of the lines is determined by
25  the thickness of the amorphous silicon rather than masking and lithography. For
example, the thickness of the amorphous silicon may be on the order of 20 nm to
50 nm, according to various embodiments. A solid phase epitaxial (SPE) growth
process is used to recrystallize the standing narrow regions of amorphous silicon.
The SPE growth process includes annealing, or heat treating, the structure to

30  cause the amorphous silicon to crystallize, beginning at the interface with the



surrounded by a gate insulator 618 and a gate 619. The gate insul ator can
be deposited or otherwise fornmed in various ways. For exanple, a silicon
oxi de can be forned on the silicon fin by a thermal oxidation process. The
gate can be any gate material, such as polysilicon or netal. The gate
material is deposited and 15 directionally etched to | eave the gate
material only on the sidewalls of the fin structure with the gate

i nsul at or. Theilivonisnhstcda 6bg whi¢hefunedonsrasei sebd fortdnpstdliine gravahivpritiraggh
"y-direction.” — % GIog?Hd BdgiLlustrate a gpghvinew and a

cross- sect i on UF ERATTEPOFHAE B IS PR ERTRY TGPPSOt HE structure
illustrated in Fl GFI¢H 6&fitiastrdtbea slpriiew Wi éhd sSrudfurb 8¢ kf dftdr adnasktlhyeihas

i nsul ator 620 and gate wiring 621 is forned in an "x-direction’ alé)af t he
| ong sides of teRBapphgd. \hershaded aspodr fisies [5aERE fep-standing finsformed 6F t h

silicon oxkde..JhanaDeSicah EFiOS Btardod MeusBarkd opl BEly a8 4l AQlscbbrPass
along a side of"the fins, and gate lines are fornmed in the trenches. In

vari ous enbodivientnglite @66, réspectpats of thel matgrootires-dendingfing 6lPnd, in

contact with the. surroundj at.e of the fin ructure. Sone;: odi nent s
provide a fi rsqungeégi é’pﬁi rneél%nnégpjf:ﬁ%rc é?nssa}saaegrcsﬁ S?Lﬁ%g/ i %eﬁbp Ta Ig%cgg%l g%tt e line

on a second siweionf einbediments, Tebgaidadopled rdpgoririiebd pdttersadito fasnpol ysili con
or netal, can be deposited_and directi g*nal lly etched to Ieg{ on the

si dewal | s onl FORIRRLYgAITs sher Hig TREt Bermadisecdion ofthe 9% s the

surroundi ng gates fpig tgreiifusRsies hRop/Relv@ithSAeod] WaBleShe RS LGRS KochBL €1 i al
and gate wiring material are etched to recess the gate and gate wring

bel ow t he t opssuppundes By mgate Thralathod S andagata 6&9.c dhe gateiasldtpr abani t h an
! lat or . & . \ | '. h
I nsul at or S“C&LBS‘%F%A{L&%M@ f%?rne&‘ﬁjvﬂlo%@%f e.egfgllto %{Saé%ﬁ%,ga SIr}]éé’er{ gﬁbgiari)” e

surface. The to ars or ns can second
sour ce/ drai n regioaneda tiagiliben finvply ankethal oxidatiop ppeess. Orheofatd b Bd avy, and

5 metal contacts 623 to the drain.regions be made by .conventj onal

t echni ques. Tr@twgﬁr{a&wgh@se MSIHERH! orrlaFfa@g%saé? Rfieriés dspogiir et on” and
the buri edssouifRtivhdil cKédlﬁoHé‘dvl%QH@FﬁHh?eﬁeridl Bniyéh Heanvefiisfend@per in
the illustration. FIGS. 6K and 6L illTustrate a top view and a cross-section

vi ew al ong | i riéruglurgwithrtbe gatetinspdatgr. Bie viamgstanhetareatesf ingithei@eskr uct ur e
is backfilled w ) I_B; orf and gate wiring is forned in an
"y-direction” cy}a%%ﬁ%@t ﬁﬂﬁ%‘%&gi des of the fins. Trenches are opened up

al ong the side of tF&S.iGhand AT {lhetraye-adiop etdw emd 4 clégb-aevtion vigwrabdrey lirel 621,

such as polysié' n or nmetal . .can be deposited (ggﬂ_[r ctj,onal |y etched to
leave on the SVdEnaTPECY oL Paitue i gtan SlootaRet e Frpdre s,
various enpodivieRriiBed Wil @aheilBt 620 ahd 216 wiahe oW [ PEMPRLEH Bt- are
15etched to recess the gate and gate wiring below the tops of the fins. The
whol e direction” along the long sides of the fins.” Various embodiments backfill the

structure with silicon oxide. Trenches are formed in the backfilled insulator to

pass along a side of the fins, and gate lines are formed in the trenches. In various

embodiments, one gate line passes along one side of the fins, in contact with the

25  surrounding gate of the fin structure. Some embodiments provide a first gate

line on a first side of the fin and a second gate line on a second side of the fin.

The gate wiring material, such as polysilicon or metal, can be deposited and

directionally etched to leave on the sidewalls only. The gate wiring material

appropriately contacts the surrounding gates for the fins. In various

30 embodiments, the gate material and gate wiring material are etched to recess the



structure can be backfilled with an insulator 620, such as silicon oxide,
and planarized to | eave only the backfill insulator on the surface. Contact
openi ngs and drain dopi ng regions 622 can then be etched to the top of the
pillars and drain regions inplanted and netal contacts to the drain regions
made by 20 conventional techniques. The netal wiring can run, for exanple,
perpendi cular to the plane of the paper in the illustration and the buried
source W ri ng getawnd gate waritigkbelowdbe taps of tihnd Fheedthglo stroetdy cants ar e

G ves. an i |1 udtPRTOR O Soe G OE R Lo et o A BB R AL oy o

drai n/ sour ce r@dedntsthelsacRsS E0hPRbRT thepitiadSordiscas bdeaposedeFimretad.r Ang.
These nanofin FET's can have a large WL ratio and are able to conduct nore
current than FEFRI JouTGerdrain region 622 cap be implaptsdgnadpR 8OHINRS the 8Rs-gnda

I ayout of nga”%étgﬁccfn%rcﬁ ol ¥ dF¥in E%i‘&{si Anth > gpéo%rveﬁ't‘?&ﬁ'i EHlc R qlies.

vari ous enbodi nents. e figure rates two "rdcetracks” of sidewal |
spacers 714, a&ite thetat Wenng ¢dnusny & esamhple, paht i“prisreofion’ and3bs bueedbdurspacer s
removed by an etch. The hol.es, use formthe si.d V\éaMung acer tracks were

l.es t
formed with a ‘mnr %WF?&?%‘F%M&]?@M(@&?‘?O hg pﬁ%%rléns]?rl psS A" have a width
of a m ni num f eat urEIGS. Z& £1dJL dngdtratee 19p pesvabed a byosa-sadtivnntew fagatolie’ Si ze
(1F). Inthe iJlustrated | ayout, the colums of the_ nanofins have an
appr oxi mat el y J’}nge‘i‘?ﬁ%ﬁcnf’@yc‘éﬁﬁ‘éls@ﬁ% Htgr ﬂéenﬁ“_tcﬁgeﬁso%ig‘peg HefEhoti ns
have an 53ppr qxidBbELYa bite W8ARE s foPnEe M &1 “RBAGIDEY 2fn0the 8Rort biabgbf ated in
FIG 7, since the nanofins are fornmed from'si dewall spacers on the walls of

the hol es, thdheé&ins.elranshesene eperdawi Agnbitesedaofthe fins mtheswcbragtioas wi | |
e Ity ! e Wit Hahte 39 ATRNAL pGRLAESREPEHY B diRobOIGKAGSS of the

nanof ns (1F - , an e cen er spaci ng between second and
third rows w |direbgosdiiyghthed todcavebd thhaideWklisozlg ahy camaatimgithe gatssroagshondi ng

to the thickness of the nanofjns (IF + AT). In general, the .
center-to- centfg}s' 3}33&??&‘@5 ‘_HB‘?‘?)dé’éWn%'r W?tga%a@é‘élo%@n S RS At Ak gt | y

| ess thania feadHéd®o $daess th@%@feVa?ﬂd b irm%@é]o@'mélﬂips‘éﬂﬁeemnﬂié“\ghél@ the
t hi ckness of the nanofins (NF - A and the center-to-center spacing

bet ween secondtaatre pan ke baskéllgi MWithem igkulgter 6y0.mvck a8 pidigon okidgt e si ze
i nt | NF i i ck ;
nanof 1 ns (e rpy el o REPH RN GRE BERRNALIROL 8, WIE o  PERRefondllfes

nanof i n transiaatigirainalopotgdiegignt 62¥ asn tida berhbedd ne riesopof tHeepipiesadt subj ect
matter. At 825 .armr.ghous sem coadu tor fins are,formed on % réystal i ne
Crodt

substrate and BUErE RPN R copReldo i drTbsIns g0

sour ce/ dr apn rRghaftionhNteSMITBu&TIHd ABAL Firidd@nddnsStbskéabrR, p&peanedaand
diffused after the fins are fornmed. _The fins are thin such that the dopant
is able to di fiPieriapeef themaremindhaillvstratng st the Syrigd seyree MIRDS MRS ik ns are

by ah e St o U e o L kP AR gl R "
crystal line grdsapsitipmof He dnparphoyst sildn, Hx 6bgidkisrg iasteationsufloat of ¢hear e
formed around cto;})%leted fin structures with drain/source regions, recessed gates, and
25  source/drain region wiring. These nanofin FET’s can have a large W/L ratio and
are able to conduct more current than nanowire FET’s,
FIG. 7 illustrates a top view of a layout of nanofins for an array of
nanofin transistors, according to various embodiments. The figure illustrates two
“racetracks” of sidewall spacers 714, and further illustrates the portions of the

30 sidewall spacers removed by an etch. The holes used to form the sidewall spacer



25 fins; and at 828, surrounding gates are formed around and separated from
the fins by surrounding the gate insulators. The resulting structure is
backfilled with an insulator at 829. Trenches are etched and gate |ine(s)
are formed adjacent to and in contact with the surroundi ng gate, as
illustrated at 830. At 831, a second source/drain region is fornmed in a top
portion of the fins, and contacts for the 30 second source/drain regions
are formed at t88Rs were formed wHh@ méniiuimy &tatuat eige 411pr dlesmaskostiipy F2ahorephous
sem conductor fin ch as il yustrat t 825 in Fl 8, _accordin

various enbodimen soo%n%lﬂlén%ngg ent S?ﬁgqgg?mﬁ%rf tsg?a?ratﬂ?b?fﬁmrwgfl@s egtglée et ched
in a first | ayede QFRrInhe ilsstatdd mﬁnﬁuhsbbmhms oﬁﬁh&%oﬁ@maWIaus si dewal |
spacers are formed.in ggch hol e agai nst 5the wall of the first |layer for

each hol e. Th&PpPrexdpately2f c?’ge‘i"'é’ﬁw&?d spicingsind g vy @é@%@‘!‘?@%ﬁﬁ? ARous
sem conducgor aﬁkﬁlﬁﬁteﬁyﬁz" @éﬁféxt-ﬁ‘)' $nPe sBARRLT AP, as illustrateALEFIAY, isthed

sinplified block diagram of hi gh-1evel organi zati on of various

enbodi nent s ofthgnmﬁnswr@i&xmwé fam@@udgwnlg sp@emacm besvalsnddharkeles thd t he
present subj ect The il [ at ce. a 10
remory. ar ray 087 dnarentrara o A SR Rthd R SR R e

oper at i ﬁns |O|n 1tFhigy ﬂegﬁbuntai’omgpdﬂd&lmmmlﬂ&iegs)@fﬂhbﬁh@.ﬁ@ﬁn@@ngmﬂ’DDth s)
1039. The illustrated nenpry device 1036 may be a menory. card or. a nmenory
nodul e such aéﬁ%\c?}t?fgﬁoecqnmr SRRPIRB REFENBERorE 2pSiiveg rodedWHhB? slighitlyfeoienor y

nmodul e (DhyM .th&NEF Sfze B GhRoans KbrdspbAdihB 8o BetthiMichbssWIHRE s4RRds (LRGN
readi ng and 15 conprehendi ng this disclosure, that sem conductor corrponents

in the menory 4&17)( dp ganeral, tioy C@I@-@Gﬁ@@bﬁp@in&bﬁtwrﬁsﬂ Heah andhstagué rorm vl n

transistors, 35 SERGLIC AONE TUS. BILNGENGS (0 1800 SaLLO- RGNS for

t hese deV|ces escri bed a arra Iudes a
nunber of rrerrnhgtmeitdess 4046 naridien ANHEADY,)and ehd «Senlten-tbhenmr smcm leetazeemnged

in rows and col um ari ous nts | i nes 1041 t the
menory cells |Sﬁ°?'}‘£a”rdcfag r‘é‘ﬁﬁl“ﬂ’il eﬂo%ﬁg Efzthﬁ%ﬁ%%aé't"et% Hﬁ?@ﬁgﬂ'ﬁgb’s in
the colums. TEheniQadcvréspBne@Bith Me thidkabistdihd Rak AnkghedeaTyord |ine

sel ect ci rcwtry 1043 which functions to select a desired row, bit |ine

select circuitry 1076 ®Hilesicatesepiosess 1o fabsishtsc nanofiadrangigtor, according to

various embodiments of the present subject matter. At 825, amorphous
semiconductor fins are formed on a crystalline substrate and over a doped region
that is to function as a first source/drain region. In some embodiments, the

20  substrate is doped and diffused after the fins are formed. The fins are thin such
that the dopant is able to diffuse under and into a bottom portion of the fin. The
fins are crystallized at 826. A solid phase epitaxial (SPE) process is used, in
which the structure is annealed and the crystalline substrate seeds crystalline
growth in the fins. At 827, surrounding gate insulators are formed around the

25  fins; and at 828, surrounding gates are formed around and separated from the fins
by surrounding the gate insulators. The resulting structure is backfilled with an
insulator at 829. Trenches are etched and gate line(s) are formed adjacent to and
in contact with the surrounding gate, as illustrated at 830. At 831, a second
source/drain region is formed in a top portion of the fins, and contacts for the

30  second source/drain regions are formed at 832.
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25colum, and read circuitry 1045 which functions to detect a nenory state
for a selected nenory cell in the nenory array 1037. FIG 11
illustrates a diagramfin an electronic system 1146 havi ng one or nore
nanofin transistors, according to various enbodi ments. Electronic system
1146 includes a controller 1147, a bus 1148, and an el ectronic device 1149,
30 where the bus provides comuni cati on channel s between the controller and
the electronic devlée? illnstiades oprocessiio dommeamerphobe seivondndter finsm dudy

el ectroni ¢ devj i.ncl nofhkn, transi st.ors. . [ eV i d
e e T AP SITBIGS LRl 01AR0s B BURB hPRISSRE,
limted to, irshbjetainane. hanel3i hgledam aelsed iniarflselagersyiat @ RBystalline

t el econmuni cati on syste fiber optic stenms, 5electro-optic systens, and
comput ers. Sugstﬁart 3 Aiggﬁé’ﬂi]%’f’ o S&‘%leé’baig?ﬂaB‘FrséFF g’ﬁ’ﬁ‘ﬁﬁ?%?ﬁ kt?ﬁe ég"‘é’ﬁt em

1250 havi ng a (5@ fikeblePRE cAHBRNR! Yhi 224 1a)kP6s fivelat 855, 1Andn and/ or
menory 1252 may include nanofin transistors according to various

enbodi ment s. Thevesithyanembeus seysicerdubRE(ingl wohe aoistrdless swpstitect roni ¢
appar atus 1253 and fihé?‘iﬁ i i ﬁ&&yﬁggra%?@yﬂ@%{za%rg anngl(Gp Dbetween
p s, and tween

the controller and e electronic appara e controller and
t he nenory. Tharibus embydinfaktucis mpmadededss acottih@ tdusiowdrthbadoasits of bus,

each i ndependently confjgured; or_nmay use conmmon comrunjcati channel s to
provi de_ addr es8¢ PESEE. afEl BrtwortFd et et BEBOs SGHPE ROTEBYST At ed by t he
controlleno | manosdag 1087 tand k&1 EES &ﬁﬁrro@eir@uiﬁgnesgwﬁerlf&é%}s@yﬁm
additional nenory configured simlar to nmenory 1252. An enbodi nent may

i ncl ude a peri £ BICTYEY 2gI8Y ¥ia Ganngaisatios Ene(s) g5 daned (9 HE3Hudha 254,
bor i oher al - de. ) . as!t
100131 o ) A RN, O

ot her control devices t may operate 1 n conju
and/ or the nersocly as hningle ielthe diemeny mddoée (SAMNM phdddudl Snlin2fepoocesdoe. Any

of the control 5 t he menory. 1252, the el ectronic apparatus, 1253, and
t he peri pher a!(bMeéhi?E%r%yF%‘yllﬂgée ?féﬁvd]f'iuﬁg‘?rrsgﬁg’i ‘ro'j‘r’}éa‘giﬁ_%é’f’%li ng to
various enbodidsaifrehendhi thissdigNoshied AhdR¥midmliueer cOMpohshtRithé ntbntagl to,
i nformati on handl i na_/dew ces, telecomunication systens, and conputers.

i

Appl i cati ons cEHRYANRI 0F heaamfohcitquiy car Biciideaneles diangislars, as defegibed

above. The structure and fabrication methods for these devices have been
described above.
The memory array 1037 includes a number of memory cells 1040. The
20  memory cells in the array are arranged in rows and columns. In various
embodiments, word lines 1041 connect the memory cells in the rows, and bit
lines 1042 connect the mémory cells in the columns. The read/write control
circuitry 1038 includes word line select circuitry 1043 which functions to select a
desired row, bit line select circuitry 1044 which functions to select a desired
25  column, and read circuitry 1045 which functions to detect a memory state for a
selected memory cell in the memory array 1037.
FIG. 11 illustrates a diagram for an electronic system 1146 having one or
more nanofin transistors, according to various embodiments. Electronic system
1146 includes a controller 1147, a bus 1148, and an electronic device 1149,

30  where the bus provides communication channels between the controller and the

11



25di scl osure, include electronic systens for use in nenory nodul es, device
drivers, power nodul es, conmuni cation nodens, processor nodul es, and
application-specific nodules, and nmay include rmultilayer, nultichip

nmodul es. Such circuitry can further be a subconmponent of a variety of

el ectronic systens, such as a clock, a television, a cell phone, a personal
conputer, an autonobile, 30an industrial control system an aircraft, and
ot hers. electrofifredavereo iy vasyuhenbabinenedihasoatroleromd/deléctlontzont ai ni ng

fi i di i nmbodi oo T W b d
Tl e LS GRIA HR USSR DR oA, * °°

circuit and areechi@hid sysRadetd Map thchid¥ beds het Bmpad té,GhfoamatidpRaraflingenor y
device. Menory 5 types include a DRAM SRAM (Static Random Access Menory)
or Flash menorde¥ises. Adariessonsiemp, telasamprinisation systees ol 1asFRPHE SHYEESDRAM

commonl y 1 &f erdige ot GhiSsySRAMLADY, t9Rous Graphi cs Random Access Menory),
SDRAM ( Synchr onous %O/nan‘i ¢ Random Access Menory), SDRAM ||, and DDR SDRAM

(Doubl e Data Rate SDRANR.deymts odegemesfimembediorent 401 exshioll 250 baving e
capabl e of wusing, nanofjn tr.ansistor Thi.s djscl asure incl S
several proc ess gtsr?ﬁ%riolrjcsgiatndcﬁ réleg:rrng%fzsazh hé’ eﬁof]trgp?rul?tsaraé%%fﬁ%e%? slégg
subj ect matt ermaginehidelnandfie dahdstarspatéidy @rvapobas esdodintkdis. OThd ogi cal
arrangenent . éilt houg(PWsS ecific enbodi mrents have been illustrated and

descri bed her élfstrate qm 250 plse Hicluges gt SlECtRBCEPBRTaBSHE R 3pdSAYS in the

art 15 thap anysans 3RAEIROSmMRLEDibS cICRnCl A BledOhaChBh@YEerlaR8 1t8ame pur pose
may be substituted for the specific enbodinents shown. This application is

i ntended to colkestroadagnpataten sndbetween ghd amérobier artbthpmesreeny. dilgjbaismayat t er .
It is to be u [ hat .t h ove, description s intended to.he .
3L 7SR o R YR ERIS Bht Bt FrdoBLRRE shillied

illustrative, res e. Ina ove I ment s,
and ot her enmbaginmBnise,codlinem témbenpfian eMinnbR tb paskdohddrkds| Hataaridner art
DA AT R RO SR S L
claims, aheng eMdiddniduphttths magﬁﬁe 8qtHi a1 SRnfory Qohb&lRasiflaGhbal s are
entitled. Wat is clained is: 1.A nethod for formng a transistor,
conpri si ng: memory 1252. An embodiment may include a peripheral device or devices 1255
coupled to the bus 1254. Peripheral devices may include displays, additional
storage memory, or other control devices that may operate in conjunction with
the controller and/or the memory. In an embodiment, the controller is a
20  processor. Any of the controller 1251, the memory 1252, the electronic
apparatus 1253, and the peripheral devices 1255 may include nanofin transistors
according to various embodiments. The system 1250 may include, but is not
lirﬁited to, information handling devices, telecommunication systems, and
computers. Applications containing nanofin transistors, as described in this
25  disclosure, include electronic systems for 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,

30  an industrial control system, an aircraft, and others.
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formng a transi stor body, including: 5formng a fin of anorphous

sem conductor material on a crystalline substrate, the fin having a
cross-sectional thickness in at |east one direction |less than a m ni num
feature size; and perform ng a solid phase epitaxy (SPE) process to
crystallize the 10anor phous sem conductor material using the crystalline
substrate to seed the crystalline growth, the transistor body being forned
in the crystallized Eerinemauerybepidlizad abemoaeary device sentgping eandiai n

region and a seeqnd SQUIESHATANERAUANASLET B DG & SHLobARe vate
i nsul at or aroun &° S8 ConducTor piT1ar; and ormng a surroundi ng
gate around angnisephacatsed: équailytabplicdid wamnguticamndpypd aff mbyotsha@raiitrandundi ng

gate insulator. 202.The nethod of .claiml1, wherein the fjin. has a
cross- sect i onat™ PR} RkeTEed £ He gml“ieflé‘? a gprtishiar bpe r‘?%ﬂﬁﬁiﬁvﬁ@' CROM ni num

feature | esgth ndluek QIR ARE ISRONR (StdhicakNRS s ABcRs MeGREG) B FREGk 1 ON
orthogonal to e first direction less than the mninumfeature | ength. 25

3. The met hod ohewprpm Addifieribi, the BRAM goualdfiern ainchimspphBirsA Meeimraerlict or
e 1 a1 on = SR LLSe oAl el SR £ LAf S, arorprovs
wher ei n f or m M$DRAM gSyrchturadiug Pygame: RasdsnahetessMemday, SORAMJGL, andi | i con
oxi de. DDR SDRAM (Double Data Rate SDRAM). Various emerging memory
10  technologies are capable of using nanofin transistors.
This disclosure includes several processes, circuit diagrams, and cell
structures. The present subject matter is not limited to a particular process order
or logical arrangement. Although specific embodiments have been illustrated
and described herein, it will be appreciated by those of ordinary skill in the art
15 that any arrangement which is calculated to achieve the same purpose may be
substituted for the specific embodiments shown. This application is intended to
cover adaptations or variations of the present subject matter. It is to be
understood that the above description is intended to be illustrative, and not
restrictive. Combinations of the above embodiments, and other embodiments,
20  will be apparent to those of skill in the art upon reviewing and understanding the
above description. The scope of the present subject matter should be determined
with reference to the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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5. The method of claim1l1, wherein formng a surroundi ng gate includes
5form ng a polysilicon gate. 6. The nmethod of claim 11, further conprising
recessi ng the surroundi ng gate such that the surrounding gate has a hei ght
| ess than a height of the fin. 107. The nmethod of claim1, further
conprising formng the first source/drain region at a first end of the fin
and form ng the second source/drain region at a second end of the fin. 8.
The nethod of claim1, wherein the first source/drain region is beneath

15t he second ﬁnce/ rang.region, and a channel region is vertically
oriented bet weel't'A&HTYSE and second source/drain regions. 9. A method for
formng a transistor, conprising: formng a silicon nitride |layer on a
silicon wafer; 20etching a hole .in the silicon nitride, the hol e extending
through the silti cor®Mathodior forpuipse p drapsistos; onyBisingaf er and bei ng defined by
t he sides of the sid, & it “ludine- 1 0Ormng anor phous silicon

si dewal | spacers OAb?%gﬁgpggghggw#ﬁgﬁgfnglh nitride that define the hole;
25renovi ngdt he silicon nforminge fiapéamoipdavs sgmicheduntenpaisus] &i & con

i dewal | spacers on the silicgn. uhfeli, SLYSLAl kL AL, L%.8 devgly spacers;

thickness in at least one direction less than a minimum

feature size; and
performing a solid phase epitaxy (SPE) process to crystallize the

10 amorphous semiconductor material using the crystalline
substrate to seed the crystalline growth, the transistor body
being formed in the crystallized semiconductor pillar
between a first source/drain region and a second
source/drain region;

15 forming a surrounding gate insulator around the semiconductor pillar;

and
forming a surrounding gate around and separated from the semiconductor

pillar by the surrounding gate insulator.

20 2. The method of claim 1, wherein the fin has a cross-sectional thickness in
a first direction corresponding to a minimum feature length and a cross-sectional
thickness in a second direction orthogonal to the first direction less than the

minimum feature length.
25 3. The method of claim 1, wherein forming a fin of amorphous

semiconductor material on a crystalline substrate includes forming a pillar of

amorphous silicon on a crystalline silicon substrate.

14



maski ng and etching the sidewall spacers to format |east one silicon fin
fromthe sidewall spacers, the silicon fin being positioned over a doped
region to 30function as a first source/drain region for the transistor;
form ng a surrounding gate insulator around the silicon fin; form ng
a surroundi ng gate around and separated fromthe silicon fin by the

Top portion of-the ot feadiRhbt RRRESRRG QRO GRAR TS

hei ght of t he iatlhdeofording a silicesexitthan t he m ni num feature size. 11. The
met hod of claim9, wherein the fin has a cross-sectional thickness in 10a
first direction corresponding to a mninmumfeature |length and a

cross-sectiong, thi tkd@sthddbiR1S8CRRhetlif 86hiaP aQuiBR8ANAAlsateGndingesf i I St
direction |l ess than the mnimumfeature length. 12. The nmethod of claim9,

wher ei n f oPni ngrainas pOYFHFYSEat e i nsul ator 15around the silicon fins

i ncludes performng a thermal oxidation process. 13. The nethod of claim
9, further conprising patterning and inplanting the doped region to
function as the firThe sethode/fdiamnl, fegharobpinving rtosspingght heramdinghgais

silicon sidewall acers. 20..14. The t of . clajm 9, erein formn
She Surr oung! o LRE R Siraadint e W b drs i hoght of e R )

10 7. The method of claim 1, further comprising forming the first source/drain
region at a first end of the fin and forming the second source/drain region at a

second end of the fin.

8. The method of claim 1, wherein the first source/drain region is beneath
15  the second source/drain region, and a channel region is vertically oriented

between the first and second source/drain regions.

9. A method for forming a transistor, comprising:
. forming a silicon nitride layer on a silicon wafer;

20 etching a hole in the silicon nitride, the hole extending through the silicon
nitride layer to the silicon wafer and being defined by the sides of the silicon
nitride layer;

forming amorphous silicon sidewall spacers on the sides of the silicon
nitride that define the hole;

25 removing the silicon nitride layer, leaving the amorphous silicon sidewall
spacers on the silicon wafer;

crystallizing the sidewall spacers;
masking and etching the sidewall spacers to form at least one silicon fin
from the sidewall spacers, the silicon fin being positioned over a doped region to

30  function as a first source/drain region for the transistor;

15



15. The method of claim9, wherein formng the surroundi ng gate includes
25form ng a polysilicon gate. 16. A nethod for formng an array of

transi stors, conprising: form ng buried source/drain regions in a silicon
waf er ; etching a plurality of holes in a silicon nitride |ayer on
the silicon wafer, the holes extending through the silicon nitride to the

silicon wafer, eaCQbﬂﬁhfzgﬁfQQmﬁﬁ%gﬁ qu%gg§§ 8 @1Qﬁc§ﬂhhcon nitride

| ayer; e 8 spacers on the sides

of the silicon 5ni tfbndﬁxgtdmﬁrdﬂlﬁﬂingegate}m-omm a8l separated fromarthy biligoh fie bsi | i con
nitride |layer, |eaving. the anDrPhous silicon sidewall spacers on the
silicon waf er Rsurgngding gats nsplafEetithgul ar tracks: crystallizing the

sidewal | spacers; forming a secOR$SduPge/dath £ %Rﬁll % thS‘ oﬁicgleﬂﬁhé si}B8E §hS tO
forma plurality of silicon 10fins fromthe sid spacers, the silicon

fins being5positioned over the burled source/draln regions formng a

sur roundi ng g%e m&ﬂ@% z%)rf%ﬁl fegl elntherh c@ﬁ ﬁ} 1{1 J}‘Sﬁn Solr%gtlﬂgna

surroundi ng gaté aroun separa Icon fi1ns by the
sur roundi ng gahennmmmhﬁﬁﬂmneamd 15forn1ng a second source/draln region in a
top portion of the silicon fins. 17. The nmethod of claim 16, further
conprising formng at | east one gate line adjacent to and in contact with

the surroundi ng gatBse fhethodlborkf@nlo, WMRrdif ARSAPHAY Seroddlidibha tHiRkhed iRf
claim17, wherein formng at |east one gate |ine includes
10 a first direction corresponding to a minimum feature length and a cross-sectional
thickness in a second direction orthogonal to the first direction less than the

minimum feature length.

12. The method of claim 9, wherein forming a surrounding gate insulator

15  around the silicon fins includes performing a thermal oxidation process.

13. The method of claim 9, further comprising patterning and implanting the
doped region to function as the first source/drain region before forming the
amorphous silicon sidewall spacers.

20
14. The method of claim 9, wherein forming the surrounding gate includes

forming a metal gate.

15. The method of claim 9, wherein forming the surrounding gate includes

25  forming a polysilicon gate.

16. A method for forming an array of transistors, comprising:

forming buried source/drain regions in a silicon wafer;

16



formng two gate |ines adjacent to and in contact with the surrounding
gate, the two gate |ines being on opposing silicon fins. 19. The net hod
of claim 17, wherein formng at | east one gate |ine includes 25form ng the
at least one gate line to contact the surrounding gates in a row of

transi stors. 20. The nmethod of claim 17, wherein formng at |east one

gate line incl “deS.Jt&[iﬂ%ggaﬁgﬁﬁt@ﬁf&bf&% ad] og%t‘?idlaiié}f‘erkﬁttﬁe%ﬁ?cgri %vtra{%?,

surrounding gates in a ransi stors. rans
conpri sing: athe ysleakitending tlehglatle; silkcotirmigidaltd ithresiBesm wafedumtbihofd N on t he

substrate, the sem conquctar fin 5having.a cross-sectional dinmension that
is less than efﬂ%ﬁ%ﬁ‘ﬁgg’é’ﬁg?@éﬁ?é{IC%gPtBij‘?l ®He fin provides a

vertical ly-ori ent edoahanehoBBbVEERcch 4i@WRIIL $RUES dhdhdkides 8OO RI1ARE an
upper source/drain region; a gate insulator forned around the fin; and

a_surroundf ng ngaide thagidefige dreomies;and separated fromthe fin by the gate
substrate | s a sil og e Sty Mt AR il e S IR RREAAAR e
gat e i nsul at orspadees oml@se slicdrcwafer in a plurality of rectangular tracks;
crystallizing the sidewall spacers;
masking and etching the sidewall spacers to form a plurality of silicon
10 fins from the sidewall spacers, the silicon fins being positioned over the buried
source/drain regions;
forming a surrounding gate insulator around each of the silicon fins;
forming a surrounding gate around and separated from each of the silicon
fins by the surrounding gate insulator; and

15 forming a second source/drain region in a top portion of the silicon fins.

17. The method of claim 16, further comprising forming at least one gate line

adjacent to and in contact with the surrounding gates for at least two transistors.

20 18. The method of claim 17, wherein forming at least one gate line includes
forming two gate lines adjacent to and in contact with the surrounding gate, the

two gate lines being on opposing silicon fins.

19. The method of claim 17, wherein forming at least one gate line includes
25  forming the at least one gate line to contact the surrounding gates in a row of

transistors.

20. The method of claim 17, wherein forming at least one gate line includes
forming the at least one gate line to contact the surrounding gates in a column of

30 transistors.
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oxi de. 24.The transistor of claim?21l, wherein the gate includes
polysilicon. 2025. The transistor of claim2l, wherein the gate includes
nmetal. 26. A transistor, conprising: a crystalline silicon substrate; a
first source/drain region forned in the crystalline silicon substrate; 25a
crystalline silicon fin on the substrate and over the first source/drain
region, the silicon fin having a cross-sectional dinension that is |ess
than a m nimum feature size; a second source/drain region forned in
a top portion2af the tfansistod, defiprivtng@ vertically-oriented channel region in
the fin between the fi rs[, and second 30source/drain regions; a gate

i nsul at or forned arbtiiefating sphsiraigng a surroundi ng gate formed
around and separ at eded EQMeRemfidBrRYcbP 8n @aliRe sbsHhRl Mo seRAdonlillStol Fi@Nsi st or
of claim 26, wherein the gate insulator includes a silicon oxide. 28.The
transi st or Sof hevaigm aess-edréipedlimgesign Hiag sriesdhaie a gainenimdodrecze, s a

wherein the fin provides a vertically-oriented channel between a lower
source/drain region and an upper source/drain region;

a gate insulator formed around the fin; and

a surrounding gate formed around and separated from the fin by the gate

10 insulator.

22. The transistor of claim 21, wherein the crystalline substrate is a silicon
wafer.

15 23. The transistor of claim 21, wherein the gate insulator includes silicon
oxide.
24, The transistor of claim 21, wherein the gate includes polysilicon.

20  25.  The transistor of claim 21, wherein the gate includes metal.
26. A transistor, comprising:

a crystalline silicon substrate;
a first source/drain region formed in the crystalline silicon substrate;

25 a crystalline silicon fin on the substrate and over the first source/drain
region, the silicon fin having a cross-sectional dimension that is less than a
minimum feature size;

a second source/drain region formed in a top portion of the fin to define a
vertically-oriented channel region in the fin between the first and second

30  source/drain regions;
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thermal l y-grown silicon oxide. 10 29. The transistor of claim26, wherein
the surrounding gate includes a polysilicon surrounding gate. 30. The
transi stor of claim 26, wherein the surrounding gate includes a netal
15surroundi ng gate. 31. A sem conductor structure, conprising: an
array of transistors arranged in colums and rows, each transistor
including a first source/ in region second.source/drain region above
the first 2050urcefﬁ?ﬁ?ng%§¥g%?n%%ﬁ°%“§g??ﬁhgp?y-oriented channel region
between the first anhn®eacing catkufcettdaiund ardbaasated frencihafhedy thegatn bei ng
formed in a crystalline sem conductor fin having a cross-sectional

t hi ckness t hatd§%2P%ss than a nininumfeature size, each transistor further
including a gate insulator formed around the fin and a surroundi ng gate

formed around and separated fromthe fin by the gate 25i nsul ator; t he
col utms of 5fi @7st r Udteutrasishandfctpiz 26 mtherein thecgate wsulefpadngiydasfa silicon

approxi matel y tQP m ni mum f eature sizes; and the rows of fins
structures havi'fi§-a center-to-center spaci ng of approxi mately one m ni mum

feature size. 30 32. The structure of claim31l, wherein a first row and

an adj acent second row has a center-to-center spacing. of the ni .mum
feature size P8ss tHE THPHRIAsIHM %éné"hﬂeh“ §ter%lg‘i‘i5‘r‘8§‘,le 2Ha "isﬁgt%reléé‘nd r ow

and an adj acenfe bl br5QW sNRIndxERN €r - t ocent er spaci ng of the nini mum
feature sage plus the thickness of the fin 5structures.

29. The transistor of claim 26, wherein the surrounding gate includes a

polysilicon surrounding gate.

30. The transistor of claim 26, wherein the surrounding gate includes a metal

15  surrounding gate.

31. A semiconductor structure, comprising;:
an array of transistors arranged in columns and rows, each transistor
including a first source/drain region, a second source/drain region above the first
20  source/drain region, and a vertically-oriented channel region between the first
and second source/drain regions, the channel region being formed in a crystalline
semiconductor fin having a cross-sectional thickness that is less than a minimum
feature size, each transistor further including a gate insulator formed around the
fin and a surrounding gate formed around and separated from the fin by the gate
25  insulator;
the columns of fin structures having a center-to-center spacing of
approximately two minimum feature sizes; and
the rows of fins structures having a center-to-center spacing of
approximately one minimum feature size.

30
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33. The structure of claim31, wherein the fin structure has a |ong side
and a short side, the structure further conprising at |east one gate |line
adj acent to the long side. 10 34. The structure of claim 31, wherein the
fin structure has a long side and a short side, the structure further
conprising at |east one gate line adjacent to the short side. 1535. A

sem conduct or §tructur 0 Iskng: a.crystalli : a
sem conduct or 3 Ins }}elfg'fuﬁ?uerggg?%gagtl)hwp rg%s%ﬁgsltt F(g‘tggﬁ ?%ﬁégﬁ%g%tsg%q&dhmg first

source/ drai n maghebatei-fecarer spacidy of ee hinimbavieagrasitb ik nesthickness of
cross-sectional dinension |less than a mninum feature size, the

semi conduct or i fip grueigrasagndhige seeanddew| and A RIFSEROMIBSPYi tEA 2 SABICE-

anor phous t op -gokt bﬁ’i&ir{g}%tﬁéiﬂi}{ﬁn&fl rentRiRlstdcahyme Bk eisdrapd fifl phase

epi taxy (SPE) process. 36. The structure of claim 35, wherein the substrate
i ncl udes assi Isireoiresaf er, and the sem conductor fin structure including
silicon. 37. The structure of claim 35, wherein the sem conductor fin
structure is one of a plurality of sem conductor fin structures forned in
an array ofI CCBBU”“QWMCQ}&DSDfEh&nBHDWhEIgW 1hg fin ﬁﬁt&h&é;hh@adxmgts%de apbci ng of
approximately two mninmumfeature sizes bhetween the columms_of fin
structures. 3BortiElesthepgivge Girther spmpagns ghispdimeshts Tmdsatetde fin
structure is Qg ghea plurality of sem conductor fin structures forned in
an array of colums and rows, the fins having a center-to-center spacing of
appr oxi matlél y one m ni num feature size between the rows of fin structures.
5 39. The structure ol 6l AR 391 W% ChRckNLHReM SORAHCHAL 2 o SAd it pre 1S
one of a plurality of sem conductor fin structures torned in-an array of
col utms and r awstt sédef tHesdtruene antheanomdiisiagat leagemegatcolmdaaent to the
center-to-centﬁr ss)qaéing of a mninmumfeature size interval (NF) |less the
t hi ckness of tH&YSYS- structures, and

15 35. A semiconductor structure, comprising:
a crystalline substrate; and
a semiconductor fin structure formed on the substrate in contact with a
first source/drain region, the semiconductor fin having a thickness cross-
sectional dimension less than a minimum feature size, the semiconductor pillar
20  having a crystallized bottom portion and an amorphous top portion indicative of

a partially-completed solid phase epitaxy (SPE) process.

36. The structure of claim 35, wherein the substrate includes a silicon wafer,

and the semiconductor fin structure including silicon.

25
37. The structure of claim 35, wherein the semiconductor fin structure is one
of a plurality of semiconductor fin structures formed in an array of columns and
rows, the fins having a center-to-center spacing of approximately two minimum
feature sizes between the columns of fin structures.

30
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10 the second row and an adjacent third row has a center-to-center spacing
of the mninmumfeature size interval (NF) plus the thickness of the fin

structures.

10

38. The structure of claim 35, wherein the semiconductor fin structure is one
of a plurality of semiconductor fin structures formed in an array of columns and
rows, the fins having a center-to-center spacing of approximately one minimum

feature size between the rows of fin structures.

39. The structure of claim 35, wherein the semiconductor fin structure is one
of a plurality of semiconductor fin structures formed in an array of columns and
rows, a first row and an adjacent second row has a center-to-center spacing of a
minimum feature size interval (NF) less the thickness of the fin structures, and
the second row and an adjacent third row has a center-to-center spacing of the

minimum feature size interval (INF) plus the thickness of the fin structures.
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