ETCHED NANOFI N TRANSI STORS Cross Reference To Rel ated Applications
Benefit of priority is hereby clainmed to "Nanowire Transistor Wth

Sur roundi ngo&adA1402¥)- S. Application Serial No. 11/ 397, Ss¢Aypshbd7Res40m
April 4, 2006; "Grown Nanofin Transistors,” U'S. Application Serial

No. 11/397,430, filed on April 4, 2006; "DRAM Wth Nanofin
Transistors,” U S. Application Serial No. 11/397,413, filed on Apri
4,2006; and "Tunneling Transistor Wth Sublithographic Channel,"” U S.
Application Serial No. 11/397,406, filed on April 4, 2006, which
applications are herein incorporated by reference. Technical Field
This disclosure relates generally to sem conductor devices, and nore
particularly, to nanofin transistors. Background The

sem conductor industry has a nmarket driven need to reduce the size of
devi ces, such as transistors, and increase the device density on a
substrate. Sone product goalESICHEDUNANGNEN TRANSISTORIINpti on, hi gher
performance, and smaller sizes. FIG 1 illustrates general trends and

relationships for a varietyQks ﬂgfé}@ﬁeqq;ﬁgggeqr&pﬁyn Bosgal i ng by a
factor k. The continuous scaling of MOSFET technol ogy to the deep

sub-mi cron regi on wRereSt ehBrerY 1§ bargdielained o eNanawismTongister ¥ign (100
run or 1000 A)geadisRheShanr it §anipiRbas §£@a1m.&h@ﬁﬁ,99z&ﬂ%a elgﬂpﬁm
transi stor structures.” For exanple, |unction depfhs shoul'd be nuch

| ess than the 2M@xnEroweNanafin Tigosistonsi’t.Sr dpplication Sedalt e kly3dTsd3d) or

100 illustrat I 1 epk gp\ﬁt' h t he
order of a f e@gﬁgﬁarﬂeﬁlﬁhégﬁ?om or@ﬁ?ﬁﬁ%ﬁ“&%ﬁ%ﬁ% %%‘ﬁy%tc%g'}ne
appr oxi mat el y 3@GONa. 1b387,48udHedomApoivi,j 20061 drdri§ vanding Frangsibt With
form by conveng.l i ) d di ffusdon chni remely
hi gh | evel s ofr§ &?ﬁ?‘#%%ﬂﬂé%gﬁ%%%r Q‘Sﬁgxcf’@?’f’aétﬁ’%[%oe"ébfﬁ’%r @%%ﬁ%ﬁr ﬁ%ﬁ%{hnel
ef fects such aApdr4i2006,ndhick dpdimptidmsrard heveiniingprpdrated dlyotfdrent© '
2007/ 114927PCT/ US2007/ 008400
Technical Field
This disclosure relates generally to semiconductor devices, and more

particularly, to nanofin transistors,

Background‘

The semiconductor industry has 2 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
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
Angstroms for channels lengths 102 that are approximately 1000 A long. Such -
shallow junctions are difficuit to form by conventional implantation and
diffusion fechniques. 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 t hwocharigestorage . retention tinme on the capadmus20cmebiigo
These extrenely high doping levels result in increased | eakage and
reduced carrier nobility. Thus, the expected inproved perfornmance
attributed to a shorter channel is negated by the |lower carrier

nmobi lity and hi gher | eakage attributed to the higher doping.

Leakage current is a significant issue in |ow voltage and | ower power
battery-operated CMOS circuits and systens, and particular]y_in DRAM
circuits. The voltagsiodll aff,\eofl sulrythreshglei condestionr Subrieshald copdiréeuis

significant overdrive a I 1 i : thd 1OV
illustrated i W%f@ﬁ%pr?ﬁlg&gﬁ%ﬁ@mgﬁ%@g esdf{égﬁjgeﬁt% rel %ﬁt?/rg y

| ar ge sub-t hr esfaatich limaloaghke capacitoricells. These Sdramngly bigbsleningdeyaimesilp
address this problemuse. transistors w.th ul.t.ra--thi i :

transi stors V\,HBI”é""‘c‘taﬁg‘yzfﬁ'ﬁg(f@é‘a%é‘(?gé%aﬁg?rdgg?lég?oﬁﬁgggpggﬁeggedolﬁ%orvm
transistor di npREBhHARTeMtRbated v shddsabhaatled negatetbbibihe lgaeradirier
transi stor structures also haye beﬁﬁ} Frgﬁgg}s d ﬁo cs)c.al e down
transistors. EOQBMW%FE%@XFW? e 359% TR Byate” refers to
a transistor with ad.kQsd ciRheisanshnifidaciss@oiheowhblipecad lbeedsdween
with separate and i ndependent vol tages, and " d@ubl.e- ted’' refers to

structures whepastenoensread EMQS eireitspad sygiams: AR PALGREHY L PRAJ Crggts-

exanpl e of a dpyhhesAGLSRIEEMnESBHELGE SRl kSadhierelsighffichnt &virdrfat 210
structures and surroundi ng gate structures have als eenﬂl%fggl?sed.

Q
In the "Tri Gatwasoseblaswiiphios spredgatlewpierots aerin 448 B
channel. 1n the SHOGQUOGE Rga B4R cB) bbRIsHE Raredtifd BakeSufeaunds or

encircles the transistor channel. "The surroundi ni%g%ate structure |
provi des desirabl e Seme psipossfedesighatoaddress SipprobieRhie) trangigors yih ultra-

structure has @ﬁg‘?‘f‘gw B{a &%&g\%@fé hthé1 9,3-?5{&5 BpREch&@e region scafek & ofher

illustrates a gafe rain, a source, and_front and
back gates sepmamiseat dimensienssealic dowduEel-saiedir dapbigagaied BaNFIsiTor s,
and also illustrates an tLi ' 5106 AQTBhitmonPPi®Rd
characteristi c%tm(‘j"km’ta%@s%ﬁévl%ﬁ)geé* élgfpg%l&ﬂ ?)rggag%% Ilg&a%%{se%‘glv[)SFET aorngp
better than thi themdesty,ddadl-gatdkkefsis|th edrandiDBFFIh a fud galcand arbpelr gtle

to a single gate, . the. t at better scree t 1 Gt Bl »
gener ated by tWE“’Bl‘:ﬁ’i’ Hegﬁg ?@E86W%%a?ilgd?§§9%@ggﬁéﬁgfir{dhggh@h aedl
The surroundi ngfgatestfuchirbewhae bedngidshe diveatwlan the sing: geediebt 4d by

the drain electrode fro ttge sour.ce. Thu sub-th Qld. a.l%g%gt
current char ac?’%ﬁ“?pg? Pé%g]%‘f e‘gﬁﬁﬁl’lﬂ?f’é‘&‘? gﬁlgﬁiéﬁésgg? ﬁlen%gﬁg ‘tlﬁlrd eag ord. res
current is redugefritongingshektsicafesthbes ged eengirbpged.i b thetTigGdtethen
t he dual -gate and/ or double gate I\/C%FE turns fh FIG 4 generally
1 ustrat 66 ¢ hEREP Jveane g R etar e dHaraeTdr e crrop s gar &,
doubl e-gat e, Ofmitkire QU ghtdGubahiRss oMkl thatraniaichagitl.t Thé figrounding
sub-t hreshol d characteristics of. conventional bul k.silicon EETs.
gate structure provides desirable control over the transistor ¢ annel, out the
structure has been difficult to realize in practice.

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

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

2



FIGS. 5A-Cillustraté a conventional FinFET. FIG 5A illustrates a
top view of the FinFET and FIG 5B il lustrates an end view of the

Fi nFET al of@ 2hd7ngs923- 5B. The il ust rated Fi nFET 503 i nglcad@Sodohdhet
source/drain region 504, a second source/drain region 505, and a
silicon fin 506 extendi ng between the first and second source/drain
regions. The silicon fin functions as a transistor body, where the
channel between the first and second source/drain regions is
horizontal. A gate insulator 507, such as silicon oxide, is forned
over the fin, and a gate 508 is formed over the fin after the oxide

is forned t her&ﬁﬂnel-rkmefsﬁrﬁblﬁﬂcdwgﬁté hikdet dcaleféie Queat ﬁaa@&nfm%ﬁy ties
formed over buried oxide illustrates a conventional etch

t echni que for ‘f%@ri@é‘i"ﬂﬁ&"’%eﬁ??ﬁ? oTh'—tSh@lefPF@Wd Igedkag PERf at ed i n
FIG 5C the fauara&éﬁfshcg ate %ﬂoﬂé‘cﬁ IbE&’au@@@ﬁ%hlB hﬂea{o@@m&éaf is§e@ R0 more

|'i thography and etch. Thus, Isinitrally a mninmm
feature size (QUKlyFhthegatveliage isheducrd when ﬂl@bbléhmﬁﬂmfyoﬁ@mb&mt@y
oxidation or efe{ypms | ypt qd. g

Aspects of the pr esent HS lf? IEI@ n%{? aﬁ)’fjgfé@gﬂ& g‘ spgell%ber ?eclnni gue
to etch ultr atdharacteaistiés ﬁﬁuamm,aioublﬁ@ate, anstrfoabding ghtes MOSFETs in
transistors w r in ese et che | S,

Vari ous enbodi ‘#emrﬁsa%sgr?ﬁ}%gﬁgo glg%lﬁﬁlgt% ?a%tgn&m fco Vegglcr’llg%ll}gﬁétsrq% €.
silicon nanof i MOSHBTsused as the body regions of CMOS transi stors

'engih have di mens| S0 SARP P CERA P PNBF R Bl e BRGe oFp P

exanpl e, sone wehwedieRhBEPLad FIE 3B fllhetdesanedofiéwn st ettinFET hloaik ligs S

Suibj oct mat  or TaParte (I AGHIRERT £ plsiH: RA% spira el elon 0% 5

According to aceithamkidBaitbin régibh B3, 9ndl @kiREn FLGUS xS detwdra the first
substrate. A fi rst source/;jral n region is . forned in the substrate

beneat h t he fi%Nd SRS SOBIFREEHY B iTHe SiligpR finifungtioppate HARYRIer ko

fin. A surrounghdd tgadiRnhel bENRE thefi Ot sbbhdlsblircaichis easmtied from
the fin by the-surroundi n? gate insulator. A second source/drain
“d

region is fornkdizoRiah Agatedariateo G syghessilison grideqis fommdsarnibn i,

etch a hole Inana4@y@gom%nﬁeheovay@étﬂnagf@nﬂe%mﬁg asnalihGaaL ofk )
the hole, forma fin gattern fromthe sidewall spacers, and etch into

the crystal | i r¥ftBeBlstrated conyenibongl FR&Ed ip fqrﬂ’@ﬁlob’ﬁébwé%F%@g’u itz foslel
mask correspong, gkl dGed nLdﬁaPél{:ﬁ {%Eﬂmglre fgr fabrfg‘gtu)?rgstﬂgﬁnl ot SE?%’FE? a

transistor. A transistor e | ment es a cr trate
Wi th trenches 4t Qhedateday Bith SCothedimyilticisylefingd hinphaelithegmphycorsrbdam

from the Substydbéapi drd'cidn, SO CHE B3 Huli6 BBl Dkl rchdife size

crystalline su e fiIn a seco

sour ce/ drai n r@g) o’ﬁhdwidﬂedfmﬁais a;bsmnentimmdgtectlj}eomdahm@rMLm a
vertically-ori; ﬁgﬁgg |on inthe fin between the first and
second source/ {r}%t?ager gl ons. e transi stor also includes a gate

i nsul ator formed around the fin, and a surrounding gate formed around
and separated fromthe fin by the gate insulator. The fin has a
cross-sectional dimension that is [ es8*W&HYa nini num feature size.
These and ot her aspesiests oéﬂmmmmwjecaﬂmam&gas;de%ﬂ spaat teREqié 1ol
becone apparent fromthe fg‘PglOWI ngva escrl ti.on of % resent. subj ect

matter and t he'FEPEPOHERTORRsNin g ates, angk ’Efé?&er’?aﬁf’ ’F‘Stf’i:Fe"”Iﬁft awi ngs

surrounding gates using these etched nanofins. Various embodiments efch
silicon nanofins in a silicon substrate. The silicon nanofins are used as the body
regions of CMOS transistors where both the thickness of the body of the

transistor and channel length have dimensions smaller than lithographic
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FIG 1 illustrates general trends and relationships for a variety of
device paraneters with scaling by a fact.or k. FIG 2

I 11 ustrat eyosotw/idmeshol d | eakage in a conventional si |RCOUS2MIBFEI0
WD 2007/ 114927PCT/ US2007/ 008400 FIG 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 mproved sub-threshol d characteristics of dual gate, double-gate, and

Suny QU 9, 98 ST R e I b v

illustrate a ¢ockent oothelorddrNEET nm to 50 nnk:l GS. 6A-6L illustrate a

process 1O 10113 BENOL Bk NS S 2L RS PR £ Gl Brming o
transistor. According to an embodiment, a fin is formed from a crystalline
substrate. A first source/drain region is formed in the substrate beneath the fin.
A surrounding gate insulator is formed around the fin. A surrounding gate is
formed around the fin and separated from the fin by the surrounding gate
insulator. A second source/drain region is formed in a top portion of the fin.
Various embodiments etch a hole in a Jayer over the substrate, form sidewall
spacers in the hole, form a fin pattern from the sidewall spacers, and etch into the
crystalline substrate to form the fin from the substrate using a mask
corresponding to the fin pattern.

An aspect relates to a transistor. A transistor embodiment includes a
crystalline substrate with trenches etched therein to form a crystalline
semiconductor fin from the substrate, a first source/drain region formed in the
crystalline substrate at a bottom of the fin and 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 source/drain regions. The transistor also
includes a gate insulator formed around the fin, and a surrounding gate formed
around and separated from the fin by the gate insulator. The fin has a cross-
sectional dimension that is less than a minimum feature size.

These and other aspects, embodiments, advantages, and features will
become apparent from the following description of the present subject matter and

the referenced drawings.

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
MOSFET.



FIG 7 illustrates a top view of a layout of nanofins for an array of
nanofin transistors, according to various enbodi nents. FIG 8

i I ustrat egoaePiReess to fabricate a nanofin transi st orpcm@m@bg@o to
vari ous enbodi nents of the present subject natter.

illustrates a process to forma fin froma crystalline substrate,
according to various enbodi nents of the present subject matter.

FIG 10 is a sinplified block diagramof a high-Ilevel organization of
vari ous enbodi nents of a menory device according to various

enbodi ments of the present subject matter. FIG Il illustrates

a diagramfor an el ggs, r3Q[Iu§tra"Eéé$cﬁm%§ﬁéﬂ MDSFEI @rlithrmirﬁnnaﬁmfrce] front and
transi stors, according to various enbod depi cts
ag

a di agram of abackrastsgiSeraRted fom %W%‘fﬂdﬁ%{‘\?}' 'iﬁ%dyd’yc%?ﬁef ’rnﬁ‘llllag’rrs &ﬂ‘él

merory. Detail Qtl?@%%fd%éhb&&dbythe draiiie fol lowing detailed
description re ers to the acconpanyin s whi ch how by, @%tpf
X¢

drawi n
il lustration, speciFIG 4gape@tly ilhirate Wg spbrthgRsHo
subj ect matter g Qﬂém%jg rg cORpesid Qd th
sufficient det %‘F%i%?%’ ggn‘%g% %ﬁgg&gg-egns | I1ed in theI%e;rréktI tcoﬁl%r aco?ll ce EPhe
present subj ecsubrthiresbeld chhwacterstiasied controtipras huk &ﬂicmﬂ\éoﬁ%’é? &nt

subject matter are E r%%%ﬁg{t}alté/a D Aakdn Plegdpasi ve as aspects of
one enbodi nent can be CcO

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
nanofin transistors, according to various embodiments.

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 a fin from a crystalline substrate,
according to various embodiments of the present subject matter.

FIG. 10 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. 11 illustrates a diagram for an electronic system having one or more
nanofin transistors, according to various embodiments.

FIG. 12 depicts a diagram of an embodiment of a system having a

controller and a memory.

Detailed Description
The following detailed description refers to the accompanying drawings
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 varions embodiments of the present subject matter are not

necessarily mutually exclusive as aspects of one embodiment can be combined
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with aspects of another enbodinent. Cther enbodiments nay be utilized
and structural, logical, and electrical changes may be made w t hout
departi ng wHemhhescope of the present subject matter.pdogdzbeoossco
foll owi ng description, the terns "wafer” and "substrate" are

i nt erchangeably used to refer generally to any structure on which
integrated circuits are forned, and also to such structures during
various stages of integrated circuit fabrication. Both terns include
doped and undoped sem conductors, epitaxial |layers of a sem conductor
on a supporting sem conductor or insulating nateri al nmbi nat j ons of

. C
such layers, 3dthgspectuel pher shediment (ethgr @RPQIEENts MR IRNZFhathe
art. The ter myhQhiaZ 0diad], andSeldeiRaA llctﬁanEB $aPBPnb 8@ b/iRsut pstehi Besh as

a plane parallel to'the conventiona F ane or. surface qf .a water or
substrate, refrsgpesef be presnt spbiekmatiesninghe followWing eescHpPU, Hag eHPe.

The term "vert. » f j i J
he | af PfBbstrat® ofe HhdBEh g@np@s’ee%@guga{ggﬁgmngg Jggy

hori zontal as I ned above. Prepositi ,~ such ,

"hi gher", "I owemcture'cpmehith intetratadh dsevitsarefosatd, mad algp te sydspwetureso t he
conventional plane. or f hei - SUr 106 eh
or  subst r at o, VAR a8 e B8R e T B L SR Tl hBa By

substrate. Thend ohdaped sgmidetdiciars, epasdel lpydaroof 4 ssmitdretuefoopea not to

be taken in a limting sense,. and. the.scope.of t sesent | i.on
i s defined onF%PPS?‘%%“BB@H%%°‘E:’|“8‘il‘]ﬁ%’,‘g %Fﬁ&ﬂé’ S\?rfr}ﬁ“?‘{‘f’g‘ssfg |5Féﬂg'\é§%é’ S
equi val ent s t evelitis @thes yadh stiuaiunes thaterekidvrl mdhe art. The tebDinShbasedal” as

herein are nanofjn transjistors,,and.a fabricatiqn techniquye in. which
nanofins are 8?36#1‘8 ’Fﬁ?@‘ ng%bgsqe%éﬁe%a%?p ?B?falif‘ﬁé" h%eec(?nf’%%‘r?ﬂﬁlepl%’fenoél e
crystal | i ne ngn@derdriaradted disabsrate] bgafdibss 0¥ttiR@ridhadus of thie waéedrs to a
silicon nanofin enbodjinment. Those of ordinary skill in the art wll
under st and, uﬁ'bl??trla@ac]m’?deighdveé‘b‘f?gr@ﬁ%mﬂ hYreeHPR PEPERPEURT e Mow t o

f or m nanof i ns hy§EdFalek MefinSEIFoOONPrGEETiSns, ARBAS t'en'QFsilleg “RigBeeNt
subject matter proyide nanofin transistors with vertical channels,
wher e there i SIO¥err'eYers 8 cHINF ATR SpaYidori thiespashiafBe comyeniioral @lane
and a second puEREBeRdntBSIPRuRbcd d¥8hd ABrePbr subStrdte YegdtifeSs ofife 61. |

illustrate a process for formng a nanofin transistor, according to
vari ous enbodPrertedonef theaafir o5 sistmgien Toe foljaying Aetailgglescription is,

2007/ 114927qu{elr§§%0ﬁ6%%%9&6n in a limttihg S8, 3hd file oﬁéoﬁﬁ@?ﬁa‘s&rﬁd on a
silicon wafer, and the silicon nitride is covered with a layer of
amor phous si | inventi¢misglefinedonly bRl appanddd| claims alens with thegfullisegpestf t he
structure 611 _af. . : ' ﬁ'tﬂ]s% n the anorphous silicon
613 and si dewa &g%%@gégagﬁa%@é@gfi&%g_ dé hol es 612 extend to the
silicon nitride | ay¥sclésts hensfri arh nhnafan parsistogs, sod stirtaicetied Bchuighc s a
silicon Wafer . Varli i f i I S

oxi di 21 ng t he " Ia b Ra SRR IR S p bl Bl R oo RORAL e,

t he struct ur ecfiktkjlirefraaofins hengdtonsc (The dolisvingdvewsdionirtfersaotalsilidon| ayer
of anorphous siligcon 616. Fl 6C il l.ustrates the structure 611 after
the structur enﬂo% %%ﬁ]ﬁ?g& Ciiblﬂofebgé?rg?léﬂl %i}?i"ht © &% PAhETSPRE PRy a
| evel to renoyadidgeanddot@rehiendiag titi§ disbeswatigphteusns nhhafiiz. usibgeother
structure can be. pl anari zed usi a chem cal nechanic ol Lshing
(OB pr ocess sirisprditiins Sveris S puGag aipoet GO BEVRSCPIMTI ar
patter 3, al Sﬁtr’éﬁéiﬂ?fs&ditﬁ oeh:a&lagé{mhﬁm]?mé&kﬁer@astd ﬁﬂstou@cfe/d}'ﬁrdegﬁﬂllﬂtt thed
exposed on t surface. _ The width of t pattern |ines | et L.he
by the oxide SHWEH é‘?%ﬂ?e%sqcﬁ%sﬂﬁﬁ Tt f&%}&nﬁﬂhﬁbﬂ%ﬁ?. BrEICS.

exanpl e, the @xléleiihRirekR§rScesfior BomihE BnndEin tAMERtoR hcbOidifY ekriehs 20
nmto 50 nm according to various enbodi nents.

embodiments of the present subject matter.



FIG 6D illustrates a mask over the racetrack pattern, which

sel ectively covers portions of the oxide and expeses other portions
of the oxi¥e.200a@498%posed oxi de portions, illustrated RCHEEEGRAHEU
strips, are renoved. An etch process, such as a potassi um hydroxi de
(KOH) etch, is perfornmed to renove the anorphous silicon. The oxide,
or the portions of the oxide remaining after the nmask and etch
illustrated in FIG 6D, protects the nitride during the etch. After
t he anmorphous silicon is renoved the nitride 615 can be etched,

followed by a directional silicon etch that etches the wafer 616.to a
predet er mi ned dept hSibiedrovitrideds derasitetbon agidicon WAET.Aod ey ligpn piggds is

protects the | gcal .ar.ea i Li 0. , FICHA hivdQatkda sid
Sred “&ﬁ-l :flag%r o?akﬂo?%u%él @r)% %es{lﬁé&ﬁ atedla side

silicon fins I C rotr e now | ower surface of
the silicon wafiew of e sthictrs¢ 65t &itbrihnleF 6 a@Eefipeddy, themngippogtsilicon

illustrate. top.and side views of the stru aid [NoJat: Pl
the fins and t&@rﬁ%@édeg‘fautsﬁgc o 4o;}r%e g?rﬁ}eﬂé%%'?%@e%rg ?Ir%?d;%tted Wih a
dopant. As il |nigidedbypst 618, which lieFover heubhtietertl 6isnch s sifeorcakeor ns a

conductive i 618 . 0. saource line). .The g h
5007 111697PCT eRDEEHRSIOY Tt SimealiEeiR B Mo PESTEP Rt he
bottom or a bogitigsh. Fa bBhHllGdratdia stdervievBef thesautthe Glil pafieanies sixtctures y

thin, the doping in the trench is able to diff e r
the Tins. Tho ST Han TG et eRBP RS ot 81O JOFLRe ek ae,
FIG 611 ill us§fahes 6l henstthe stustge Glflamiized, iBugpated bynBehméwy at 648t foas

been forned around the fin 617, and aﬁ te matheri a:l. 62(Jnils htu% rlrgg
around and sepalexela repgrs trexidePndop PHES GEREPHORE B &, T FoTCEXaRD! e,

an enbodi ment g} idh&eRdLERgSidhb AR baitnitsi RgisRingHEM lprasekg #od on
process. The gate material 620 may be polysilicon or netal,, according
to various enbeemRiat Shis leaves arrgleggategyregiagudar Haft?'as?lF%fegeréédttBSS\?i ew
and a Cross-seghiom W+ Sikeah UP8xlde®24 Edpdidd oh BRN\EMES it width G the r st
array enbodi nent. The Structure 611 is_backfillcd )
pattern lines is determined by the oxide thickness rather than masking and
lithography. For example, the oxide thickness can be within a range on the order
of 20 nm to 50 nm, according to various embodiments.

FIG. 6D illustrates a mask over the racetrack pattern, which selectively
covers portions of the oxide and exposes other portions of the oxide. The
exposed oxide portions, illustrated by the shaded strips, are removed. An etch
process, such as a potassium hydroxide (KOH) etch, is performed to remove the
amorphous silicon. The oxide, or the portions of the oxide remaining after the
mask and etch illustrated in FIG. 6D, protects the nitride during the etch. After
the amorphous silicon is removed the nitride 615 can be etched, followed by a
directional silicon etch that etches the wafer 616 to a predetermined depth below
the nitride layer. The nitride pattern protects the local areas of silicon from the
etch, resulting in silicon fins 617 of silicon protruding from the now lower
surface of the silicon wafer, as illustrated in FIG. 6E. FIGS. 6F and 6G illustrate.
top and side views of the structure, after the tops of the fins and trenches at the
bottom of the fins are implanted with a dopant. As illustrated in FIG. 6F, the

dopant in the trench forms a conductive line 618 (e.g. source line). The dopant
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with an insulator 621 (e.g. oxide) and trenches are created on the
sides of the fins. Gate wiring material 622, such as polysilicon or
metal , canybeserestted and directionally etched to | eapear@3od76s400
si dewal | s onl y and contacting the surrounding gates 620 for the fins.
The gate material and gate wiring nmaterial can be etched to recess it
bel ow the tops of the fins. The whol e structure can be again
backfilled with oxide and planarized to | eave only oxide on the
surface. Contact openings and drain doping regions can then be etched
to the top of the pillars and drain regions inplanted and rretal
contacts to t hésodiornna smgtesireinragion sy the batiemor 8 haftondRiTRidEe finy,
Lhis case, theBe@Eﬁs%'thé"ﬁﬁ% 098 lePéih@l i hg abfife intnd e & apie @askalsae
buried source wring cou chu ar'to pl ane of

paper in the |dohlp$¢tclatun¢wtheﬁns Tmmswbamemrthqremqr&p@nwtop
view and a cro s fsectl on view al ong 6L-6L, respectively, of a second
array enbodi Yhe structure 611 is backfilled with an insul ator
621 (e.g. oxi de) arkiGt sﬁﬁnﬁmwammmreenammggateenmlater61r9ha$ebeﬁm ns

617, h di i 022,
pol ys: Inl E:oﬁ o)rloﬁlﬂ‘% %E"I”td; eggaédgp%rmg 5’3{?% i|g:ieoc'lts %on eﬁ ntﬁsaﬁed to

| eave on the %ﬁm@hm&mbﬁﬁmheglim Foeegatds, mremﬁmélrmms The

gate material and ga rrater

bel ow t he t op<PXdfize eF‘ ﬁ%" Hg‘h’és’%?) h@“@? Pﬁb‘{)aﬁf”épﬁ ﬁssbéﬁ'ﬁ %F}I%f

wi th an insul a420rm4; 195168 or Aiflal PhcR Bidin, diafauslfﬁ'ﬁbtﬁmmhty oxi de on
the surface. ConTa%eg%oﬁl n sorandagral n dg(Z)ﬁa | ; can r.lhen1
etched to the top ofIGShBLEA GIINestEinp iop RIS PR GRS FRHPR MeBIaN e

metal contact sgitéy, }éaﬁ di’iﬁzélb/nofe?ﬁﬂsﬂﬂ‘ia daMer@OTHE Birhcdn@l611 echukeles .
In this case, the netal wiring could run perpendi cul ar f&){? L.he J;t)%ane

of the paper iWith h%lﬂSPlati%ﬁ?bl(? BreXigR) aphEeRlet ag cERtRdan e FidRyeBa o

run in the "Xx-giJ el @ terial 422, HRh s sfﬂ1b6ﬂ36r1ﬁ&dl SREBEBepREitay
enbodi nents, the buried nsgoﬂ?ggadr ai ns caﬁbﬁ | anted before the

formation of tdwd direevionsHalictredta léa‘i'@rﬁu'lhaﬁ’é?wa\lﬁ)o@}j PROEFTRHGE it e.
FIG 6L ill UStJu%%ﬁdlggga@; 62 A Rr AR L8 gfaf@rﬁﬁtéx'r'ﬁtaﬂﬁ %ﬁte\’%lhﬁg material

dr ai n/ sour ce regions 3 and 624, recessed tgat es 0,
sour ce/ drain r@glb@mtqhﬁdtm@cwstbemwtnm ﬁﬁmﬂhewhweﬁwr&qaabse

WL ratio and Aba%ﬁgﬂétf&mﬂegl Gl Pﬁgsnge'agg 1649610y ofideo: e surface.

FIG 7 illustr&és’ s I'éw 0 ayout nan or an array of
nanof i n transiGmas opemngsrmdrcgamoiopm@rwgnseqm@hrrmt@ledméheftpgQf the

illustrates twa rac tracks
illustrates th%mﬁr&?‘fl e b 1 r‘% méiag P{i H%Paggglﬁtgdrzéorrg\?%% %Eééﬁéﬂ%ade
The hol es usedbyt m)nfvaﬁtinnahEcmlqms/a[m tlsq:)merthet matakmm@uldmmdthﬁ “tXh a

ni ni mum feat urg_si.ze,
m ni mum f eat ur TR %TTQ’ BH‘&“’“‘ src’é’msee"'ff)1 7 %tcg%lg W ge%gnnfl%\@érﬁ%g]aﬁoéjr T e
(I'F). I'n the ifhkpspdran e illagiaibn, t he col umms of t he nanofins have an

approxi mately 2F ce 0- and.the raq )
nanof i ns have an ap]%*skaar“é({i‘ ﬁlgstE tﬂpg‘f% 38%?§IOS§B%VC\§%°HQWGRVA 'one OLs
iIlustrated i ngIf|ceapediivedy, BEQ séddad aaaP bnbSditERt. fmamdcﬁurmmﬁemmed
spacers on the walls of the_hol es,_ he .center-to-cenfer spaci

bet ween first HHH agg@a{%o Mge'&i P eb@ngpre@ch{equc Fsag "‘{‘ﬁ% %c{]g)gﬂb%/
an anmount corr g§Perd et p-dirBeidn @ﬁf@&ﬁ-lr@fmitb@lr&amw‘ubmas pollsiticdkldr,
and the center-to-center spaci ng, het ween ond nd t Ird@et"mﬁﬁw |

be slightly nomgtal.igambe rlensw%ammm%%w ﬁ‘ge Prythers RM¥ss

of the nanof i n&:aciéa%ta’enﬁg e gafbs%@ﬁé Bhs. T a%ﬂﬁ@ﬁaltﬁd%ﬁfét\ﬁhngﬂﬁditﬁw
between first and second rows wll be slightly less than a feature

size interval ¢aurbe sighed o tarpesit bdow tesiopnel thg Tng ThewbplesRENE G bepe
nanofins (NF - - 8580 th
and t hi rd(romb%&fleﬁﬂgwg%s@ﬁy&%.ﬁg&ﬁ%g #ﬁ?ﬁ%@é%ﬁ@%’?vm °




oxi de sidewal | spacers. At 938, a fin pattern is fornmed fromthe

si dewal | spacers, such as may be realized using a mask, and etch
process, fwpewaiphe. | n sone enbodi nents, the resulti nciuo@abded n
has a first cross-section thickness in a first direction that
corresponds to a mninumfeature size, and a second cross-section

t hi ckness in a second direction orthogonal to the first that
corresponds to the thickness of the oxide sidewalls and is
significantly less than the mninum feature size. At 939, the |ayer

(e.g. a-sili con%;_ is renoved, .l eaving the fin pattern of sideval |
Spacers. The RFEts G SRR SFan Bopne i ont hedits sratenda oo top
correspondi ng df%etﬂrv']lﬂarfs!aﬂd Badin RlpTbr@implad@Wahd meRACStacts ¥the @ufn regions
enbodi ments etch the silicon nitride |ayer into fin pattern, and then

use the silicaRRdsiRyGoBECTgYRYteqmiqnes 0 this catey fieantiphuirigsoPIdauB wi t h
the fin patterRhgRuialfo fbBEhE 8F thelpap&lif BRANuAtaiBf hnd HEHRE KoliY
(e.g. siliconnitride) is renpved to expose the top of the etched
fins. FIvaring gopld ran iy the (xfireetias’ock di agram of a hi gh-1 evel
organi zation of varj [y Bo=tee s | @ﬁ& e Nai
vari ous enbodi nment sﬂlgpﬁlt[ﬁgﬁgs?eg%%cﬁgﬁé?%ct nagt%ﬁgl?(.g’\@ﬁgul ugl{gfya{?%lgg
menory devi ce ca@h2 implehtsd dsfose the fomyatign ofthe sont8uidiv gda tiiswlatgrend

control circui 4 for. i Vi a
communi cation® %ﬁ%‘%@?g %%tg'cﬁgdrine 1&%&?%}%_%%#&5%:3@3%% aE e%é{cntgr?%%ﬂ]
devi ce 1042 nalyaibsoarcapspions 62aaud 624, acqeased igpten6dQ) ardsogive/sdsimrepiong| e
inline nmenory s¢< ( FRA inline e dul JPEVI

One of ordi narvggggiﬁﬁg‘ in %ﬁ%%slc%h%‘%rasl?%%ﬁﬂ%%ﬁ ana I r?anc‘;'?r‘fa
conpr ehendi ng mdre sudergchosnanewirt F&ET’sem conduct or conponents in the

menory array and / : ontrol circuitr re able to be fabricated
Lot g et ched nanof Gt 7 Afsf8Ryp o Gevate hbrEHuBg0E HRatSapfel: bre
aﬂd fabricati eansmi hmfkest&f@,ragbd&eﬁ@ td&u&i@.&sﬁcntbwﬁnémﬁnnfl?ﬁgrrb hegtrakowes
The nmenory array 1043,i pcl.u a nu r nm cell s 1046. e
memory cells i Ff}/cﬁﬁ%écir Pgﬁ}d%"}“’gf?ﬁe&ﬁggﬁ aP& ll%HatEBF}\frﬂ?g}""lerg’e

var i ous enbodisknial spaeidhetioReSbyl Sdtdtck OTRERdled iR d AE PRYthe Sidbwall BpdcBe
rows, and bit |ines 1048 connect the nenory cells in the colums., The

read/wite cof@rdt wesederned yith pminien frabee sige GL); Joe sasketips 722 bave y

1049 whi ch f URGHAISE 4 BirtRlRCkatdre SR EPshd R¥septdted by Lm3GhRHT feature
circuitry 1050, which functions to select a desired colum, and read

circui try 10582efkie Hothgilustated lapouiche eelvmngahheypagefinschavg an o

sel ect ed MeMDLYNGRIrhatbl} AFNRnIERIREM @ spAng AP the rows of FleGandfns have an
illustrates a diagramfor an electronic system 1152 havi ng one or

more nanofin ?P%%if%qtﬁlbféf cgeleoraraierspacing. i dlge. asriestiatadin&1G. 7, since
Ellectronic syg&fnbtindade o sﬁl%sﬁ %542@{5 ohRSwalls Bifie hiRE m@nd an
ere the bus P

el ectroni c device 1155, [ 1 rOV|des.connun|cat|on
channel s bet wseiter-toecentas spasinglretwadcfirsiahdtsheond| rews Mol be siglydessihiss.

I n various e LRRLS, Qnt f%{ e ' ice
i ncl ude nano1[ﬂi;f ﬁ%% r aKtsal?’st OCIr?Jg1t gs p#’[ge{{n t§ﬁ§9@?£kggéssoggﬂ%@n§ﬁﬁsyﬁeAT)’
il lustrated ekeéthegehter-4yrsendenspddg befyweemsscomtbandahivd irswnwill bé stighelgh
to, informati | evi W reless stenms, t co ni [on
systens, fi begﬂ)(g% |c_lsy t%r?sn}oq‘g %%I?Brs 9%%?%%’%?/@?‘3%5?3% ¢ lﬂfgﬁ:ts'.L
FIG 12 depi cd)alngagrathe termer-tordenidt sprning betvecen \ivitam $2mndhavs il a

controller 1257 ry.1258.. The ¢ | er and/or nmenory may
el ude. nanof D s PR3 SRR 5T sied Hers A NS by & afte e eihgds
il ljust [) at ed sﬂ&ttbfﬂcﬁc%ﬁga{mnbﬁﬁ @HESA'B);Iaﬁd ﬂx@tcléﬁ)t@f-ﬁbt;a@mrspidilﬁg Bst8en
and a bus 1260 to.provi.de co i cation c nel (s et ween t.he
control l er an§*%R8 a%%ﬁ@fé’ﬁ?%%ﬁaﬁ tﬁ's“f‘”&%@‘*‘b%%\ﬁﬁ‘é‘h“%@‘%ﬂt@@? P¥r
and the nmenor yn ahbenidesreBRindingab HeethRRn&d OF BSansfisodNF PUT), and a
control bus, each independently configured; or nmay use common
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contai ning nanofin transistors as described in this disclosure
i nclude el ectronic systenms for use in nenory nodul es, devjice drivers,

power rmdqbgsmom@mm cati on nodens, processor nodul es,pcqmj;zgmmgsmg
application-specific nodules, and may include nmultilayer, nultichip

nodul es. Such circuitry can further be a subconponent of a variety of
el ectronic systens, such as a clock, a television, a cell phone, a
personal conputer, an autonobile, an industrial control system an
aircraft, and others. The nenory may be realized as a nenory

devi ce cont ai ni ng nanofjn transistors according to various
enbodi ments. It w FIOGllyamMess bregess i fabERS AMARMITS ransist A otrgPTdjng to

appl i cabl e t Oya{hsehRafféhts ¥fiBe fles @mjé!ct%;&few At 89%] 2818is B¥med from
intended to be limted to a partlcu ar trﬁp menory devi ce. Menory
Aé%lb

types i ncl udea srysRAive sghutatg. Haexkemplante baset g agyafe, such as
menories. Addjtj t PRANM R4V nly
referred to ag%fg%ﬁa{eé r“?l(’:e%rzonoug{;%ltll @@g?@%ﬂ%ﬁ%@g I\/lerngfr%&)gIglp
SDRAM ( Synchr wmmwfam 6n€Ralﬁ31@@meAh@ﬁsss thimrthredopasDRAMeft$ diffimad DDR’

SDRAM ( Doubl n % e§9§§%ﬂatpn¥?£t‘tﬁé’fﬂe%{@8”9 s&?clvﬁgqu%g ﬁ%%hiHQJl%gir &S

are capabl e of 5| ng rans e “conpt essl
channel s. formeE[larcmndltm:ﬂmsamdat 821, Isutdmmdsrgvglteais fmmlessm angdi rcui t

di agranms, and_cel | The su ter i.s not
it ea 1o a pere iy BBy ehipBiedFe bt R Rk Th Bhwlipe SPlcnre
Al t hough s pecisfuack@lmmdithramhsuﬂaa:v at mthdmé@ ﬁ&te&«iheﬂﬁdd getedinke3®are
herein, it w eC|ated by those  of or Skl| in the t
t hat any arrah’é@ﬁ'gﬁgjo t(t,%a’?‘%mcc&%@&tl ‘?ftﬂég’etsBrra t?ﬁ‘é llé Usated gt ﬁ:g];e
may be substi Sehednibodinidies HRAGKS gheAIMBOT dﬁﬂﬁbﬁwﬁh@}ﬂﬁosxﬁhld‘és of the
application is intended to cover r%g%%hatl ons or variations of  the

present subj eSTHRAINGSAMG {Thegaje]i breprsniRiforcnaiack the SUEYpding gate

description i&nh M@t Be RfhofinlsHEtiha, bVén RNFicARY tb 8Shthdtahd Ve.
Conbi nati ons of the above enbodi nents, and ot her enbodi nents, wll

apparent to tHEEEIginggaly ¢n 3 shortfidepfthepanefinsypetien ol hah s, the gate lme(s)

under st andi ngedn¥R ﬁﬁﬁ&@uﬁﬁé e6uPinl R Row HREcRAOPAL 832 MR cHERBR/BxR) ect
matter should be determned wth reference to the appended clai s,

al ong wit h t hesfam ip fagmsgdn gforppitiompPethe sins.ongisortgets derihe petord ar e

entitled. V\hguréeﬁdrgirprleg%g L% formed g8t hod for formng a transistor,
conpri si ng: ?roma crysialline substrate;

form nlgIIG 9 111ustrates a process to form a fin from a crystalhne substrate, such
as illustrated at 826 in FIG. 8, according to various embodiments of the present
subject matter. A layer is formed over the crystalline substrate at 934, and holes
are efched or otherwise formed in the layer at 935, In various embodiments, the
layer formed over the crystalline substrate is a layer of amorphous silicon, with a
layer of silicon nitride sandwiched between the crystalline substrate and the
amorphous silicon, and a hole is etched to the layer of silicon nitride. At 936,
sidewall spacers are formed in the hole against a wall of the layer that defines the
periphery of the hole. Various embodiments oxide the amorphous silicon layer
to form the sidewall spacers. The hole is backfilled with the material of the first
layer (e.g. a-silicon), and the structure is planarized at 937. In the embodiment
illustrated in FIGS. 6B and 6C, the planarization removes the oxide on the top

surface of the amorphous silicon, leaving a “racetrack” or rectangular pattern of
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forming a first source/drain region in the substrate beneath the fin;
form ng a surroundi ng gate insulator around the fin; formng a
surroundi ngogasziaround the fin and separated from t he Hogrudayoriobsoo
surroundi ng gate insulator; and form ng a second source/drain region
in atop portion of the fin. 2. The nethod of claim1, wherein the
fin has a cross-sectional thickness in a first direction
corresponding to a mninumfeature |l ength and a cross-secti onal

t hi ckness in a second direction orthogonal to the first direction

| ess than the mninumfeature length. 3. The method of claim]1,
wher ei n f or nmi ngxidesidewrH gpacarse rAtA38) 4 fin patéarh ix fogmed frpe thejaidewall ni ng a
fin froma cry i LU Al
wherein form ngﬁ%%si %%P %Hag%%rrydg{ig{l pghga?ua@gﬁﬂggﬂp%dgﬁﬁagg egt C I:"er‘n%:n
t he cryst al | i neomebsibeditrentspthiegesultirpefinf pattern Bas aTfirst eresshegdtiont thadkaesnim
wherein formn flrst source/drain.region in h
the fin i noi uasdtseiredion R SRSRaiR € R Pl ienlife MR 3hA s Cociafils
substrate and didiforShitigndshin dapand divertion oeAdgonthie the first tHat cdrhesponsistiod

of claimb5, wherejn. diffysing.includ di f f usi, he dgpa i nt.o a
bot t om por t i on Bt ‘c""’ﬁBeSFPﬁa‘e ‘g“ésﬁ‘n e‘YF@@ﬁB‘élsosl’g“&ﬁ?%lnhﬁ?ss%%é‘%? FHEMR ng
a surroundi ng Gakeeki2eUlaabes, thotlybd@s. heniztbimds ferSevedrleaviay itgefin pattern

of sidewall spacers. The crystalline substrate is etched at 940 using a mask

corresponding to the fin pattern of sidewall spacers. Various embodiments etch
the silicon nitride layer into fin pattern, and then use the silicon nitride layer to
mask the crystalline subsirate with the fin pattern when the substrate is etched.
At 941, the mask layer (e.g. silicon nitride) is removed to expose the top of the
etched fins.

FIG. 10 is a simplified block diagram of a high-level orga;lization of
various embodiments of a memory device according to various embodiments of
the present subject matter. The illustrated memory device 1042 includes a
memory array 1043 and read/write control circuitry 1044 to perform operations
on the memory array via communication line(s) or channel(s) 1045, The
illustrated memory device 1042 may be a memory card or a memory module
such as a single inline memory module (SIMM) and dual inline memory module
(DIMM). One of ordinary skill in the art will understand, upon reading and
comprehending this disclosure, that semiconductor components in the memory
array and / or the control circuitry are able to be fabricated using etched nanofin
transistors, as described above, The structure and fabrication methods for these
devices have been described above.

The memory array 1043 includes a number of memory cells 1046. The
memory cells in the array are arranged in rows and columns. In various
embodiments, word lines 1047 connect the memory cells in the rows, and bit
lines 1048 connect the memory cells in the columns. The read/write control

circuitry 1044 includes word line select circuitry 1049 which functions to select a
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WO 2007/ 114927PCT/ US2007/ 008400 8. The method ‘of claim1, wherein
form ng a surrounding gate includes formng a polysilicon gate. 9.

The met hodwef088kd¥r 1, further conprising recessing the‘)@wﬁgzwmgmg
gate such that the surrounding gate has a height |ess than a hei ght

of the fin. 10. The nethod of claim1, further conprising formng a
gate contact adjacent to and in contact wth the surroundi ng gate.
11. The nmethod of claim1l, further conprising formng at |east one
gate fine adjacent to and in contact with the surrounding gate. 12.
The met hod of claim 11, wherein formng at |east one gate |line

adj acent to anﬁesln%d@@ﬁt WElinddelldet E1h@n§?ﬁ0%ﬂibﬁ@ur€t&bﬁs mmeieudae&eshedm ng
a first gate line adjacent to.and in contact st side. o E”F

surroundi ng gaf@uEmeaed wad siEgrigyRi @51, ‘”f%cha@}l%tlf’é‘ﬁtto fl?fe%’iﬁdn‘i’rﬂo?(ﬂﬁt%
with a second ghi§e®@nchddsy Sl ih RS a@,whﬁ.e first and second

si des being positioned on_opposing Si of the fin

FIG. 11 illustrates a diagram for an electronic systern 1152 having one or
more nanofin transistors, according to various embodiments. Electronic system
1152 includes a controller 1153, a bus 1154, and an electronic device 1155,
where the bus 1154 provides communication channels between the controller
1153 and the electronic device 1155, In various embodiments, the controller
and/or electronic device include nanofin transistors as previously discussed
herein. The illustrated electronic system 1152 may include, but is not limited to,
information handling devices, wireless systems, telecommunication systems,
fiber optic systems, electro-optic systems, and computers.

FIG. 12 depicts a diagram of an embodiment of a system 1256 having a
controller 1257 and a memory 1258. The controller and/or memory may include
nanofin transistors according to various embodiments. The illustrated system
1256 also includes an electronic apparatus 1259 and a bus 1260 to provide
communication channel(s) between the controller and the electronic apparatus,
and between the controller and the memory. The bus may include an address, a
data bus, and a confrol bus, each independently configured; or may use common
communication channels to provide address, data, and/or control, the use of
which is regulated by the controller. In an embodiment, the electronic apparatus
1259 may be additional memory configured similar to memory 1258. An
embodiment may include a peripheral device or devices 1261 coupled to the bus
1260. Peripheral devices may include displays, additional storage memory, or
ofher control devices that may operate in conjunction with the controller and/or
the memory. In an embodiment, the controller is a processor. Any of the
controller 1257, the memory 1258, the electronic apparatus 1259, and the
peripheral devices 1261 may include nanofin transistors according to various
embodiments. The system 1256 may include, but is not limited to, information

handling devices, telecommunication systems, and computers. Applications
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13. The method of claim 11, wherein the fin has a rectangul ar
footprint with a short side and a |l ong side, wherein formng at | east
one gate |woeoadjigeent to and in contact with the surrouiisign7@es4eo

i ncludes formng a gate line to contact the surroundi ng gate on the

| ong side. 14. The nethod of claim 11, wherein the fin has a
rectangul ar footprint with a short side and a | ong side, wherein
formng at | east one gate |line adjacent to and in contact wth the
surrounding gate includes formng a gate line to contact the
surroundi ng gate on the short side. 07/114927PCT/ US2007/ 008400
15. The net hodoaRipgRofin W@P@mﬁwd&ﬁ?ﬁhﬁg iy thi§ Jielosy mglugs eletrome

i ncl udes for mgdgeRs B 168 i MeRRBr bR dbiife Bifiels, pohér mbdimé,hod for
form ng a tranSistor, conprising etchipng a fin fro

crystal line sicomaemicaiioamagdens, Pmeeswrﬁnwa\}?sln@ndaap@ﬂla%%%%’éfl?larﬁ%?dules

It an;'t( Ees S I N Guhid X inhbS ARy L hABERPREARS! Quéh Sdtiny fn MAhS R 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 systern, an
aircraft, and others.

The memory may be realized as a memory device containing nanofin
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
types include a DRAM, SRAM (Static Random Access Memory) or Flash
memories. Additienally, the DRAM could be a synchronous DRAM commeonly
referred to as SGRAM (Synchronous Graphics Random Access Memory),
SDRAM (Synchronous Dynamic Random Access Memory), SDRAM I, and
DDR SDRAM (Double Data Rate SDRAM). Various emerging memory
technologies are capable of using transistors with the compressively-strained
channels.

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 hav;:-: been illustrated
and described herein, it will be appreciated by those of ordinary skill in the art
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,
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
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and a cross-sectional thickness in a second direction orthogonal to
the first direction less than the mnimumfeature length; formng a -
first sour@®/2de7di1492¥ egi on in the substrate beneath the HGTHS2005/0084A0y a
surroundi ng gate oxide around the fin; form ng a polysilicon
surroundi ng gate around the fin and separated fromthe fin by the
surroundi ng gate oxide; and form ng a second source/drain region in a
top portion of the fin. 17. The nethod of claim 16, wherein formng
a surroundi ng gate oxide includes thermally oxidizing the silicon fin
etched fromthe crystalline silicon substrate. 18. The nethod of

claim 16, wher &fith refeessenlp e pppendedpining plpse Hiith the fid] cPpe Al Wbkt te

i ncl udes: etchhmgm@mgpgﬁuﬁym@eh@mgy over the substrate; formng
sidewal | spacers in the hole; formng a fin pattern fromthe sidewall

spacers; and
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etching into the crystalline substrate to formthe fin fromthe
substrate using a mask corresponding to the fin pattern. 19. A

met hod f orwhohedig® transi stor, conprising: et gldTagk2807fobdioo
froma crystalline substrate, the fin having a cross-sectional

thickness in a first direction corresponding to a m ninum feature

| ength and a cross-sectional thickness in a second direction
orthogonal to the first direction | ess than the m ninum feature

| ength, wherein etching a fin includes: etching a hole in a | ayer
over the substrate; fonning sidewall spacers in the hole; formng a
fin pattern fréptih@edmydial | spacers; etching into the crystalline
substrate to formthe fin fromthe substrate using a nmask

corresponding to the fin pattern; .
1. A method for forming a transistor, comprising:

forming a fin from a crystalline substrate;

forming a first source/drain region in the substrate beneath the fin;

forming a surrounding -gate insulator around the fin;

forming a surrounding gate around the fin and separated from the fin by
the surrounding gate insulator; and

forming a second source/drain region in a top portion of the fin.

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,

3. The method of claim 1, wherein forming a fin from a crystalline substrate

includes forming a fin from a crystalline silicon substrate.

4, The method of claim 1, wherein forming a fin from a crystalline substrate

includes etching the crystalline substrate to form the fin.

5. The method of claim 1, wherein forming a first source/drain region in the
substrate beneath the fin includes implanting a dopant in a trench adjacent to the

substrate and diffusing the dopant underneath the fin.

6. The method of claim 5, wherein diffusing includes diffusing the dopant

into a bottom portion of the fin.

7. The method of claim 1, wherein forming a surrounding gate insulator

includes forming a silicon oxide.
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forming a first source/drain region in the substrate beneath the fin;
form ng a surroundi ng gate insulator around the fin; formng a

sur roundi ngo%e§A1around the fin and separated from t he BATUSo7kb00
surroundi ng gate insulator; and form ng a second source/drain region

in a top portion of the fin. 20. The method of claim19, wherein
form ng a surroundi ng gate oxide includes thermally oxidizing the
silicon fin etched fromthe crystalline silicon substrate. 21. The
met hod of claim 19, wherein form ng a surroundi ng gate includes
etching the gate so that the top of the gate is below the top surface
of the fin. 22. A nmethod for formng an array of transistors,

conprising: fogm ng Lcon waf e an
anor phous si | i gon Ig‘;ﬁeermeotho %Aa‘l%telr wglgrellréff’é?““gasuﬁrgfl?‘ilflﬁlgﬁtﬁ %‘B‘?%
et ching at | eafinrdmea holysilicon ghte anor phous silicon |ayer; oxidizing
t he anorphous silicon layer, which results in oxide sidewall spacers
on sidewal I s of the anorphous silicon |ayer;

9. The method of claim 1, further comprising recessing the surrounding gate

such that the surrounding gate has a height less than a height of the fin.

10. The method of claim 1, further comprising forming a gate contact

adjacent to and in contact with the surrounding gate.

11.  The method of claim 1, further comprising forming at least one gate line

adjacent to and in contact with the surrounding gate.

12. The method of claim 11, wherein forming at least one gate line adjacent
to and in contact with the surrounding gate includes forming a first gate line
adjacent to and in contact with a first side of the surrounding gate and a second
gate line adjacent to and in contact with a second side of the surrounding gate,

the first and second sides being positioned on opposing sides of the fin.

13. The method of claim 11, wherein the fin has a rectangular footprint with
a short side and a long side, wherein forming at least one gate line adjacent to
and in contact with the surrounding gate includes forming a gate line to contact

the surrounding gate on the long side.

14. The method of claim 11, wherein the fin has a rectangular footprint with
a short side and a long side, wherein forming at least one gate line adjacent to
and in contact with the surrounding gate includes forming a gate line to contact

the surrounding gate on the short side.
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backfilling the hole with anorphous silicon; planarizing to expose
the oxide sidewalls; patterning and etching the oxide sidewalls into

a fin pattgpro#gRyi ng the anorphous silicon; ﬁﬁﬂj‘gz@@mbé]@g
nitride layer, leaving a fin pattern of nitri de beneath the f

pattern of oxide sidewalls; etching the silicon wafer, u3| ng
the fin pattern of nitride as a mask, to etch silicon fins fromthe
silicon wafer; I npl anti-ng dopant and diffusing the dopant to
forma conduction |line beneath the etched silicon fins, the dopant

providing first source/drain regions for the silicon fins; formng a

surroundi ng gaje i NSYk HeloddT clahte 1Swhbféﬁf\foi~rhﬁ1§asurroundmggﬁtmuﬁguc&s
surroundi ng gate around and separated fromthe silicon fins by the

surroundi ng gafeumniipgypealyghcon surrounding gate.

16. A method for forming a transistor, comprising:

etching a fin from a crystalline silicon subsirate, the fin having 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;

forming a ﬁfst source/drain region in the substrate beneath the fin;

forming a surrounding gate oxide around the fin;

forming a polysilicon surrounding gate around the fin and separated from
the fin by the surrounding gate oxide; and

forming a second source/drain region in a top portion of the fin.

17. The method of claim 16, wherein forming a surrounding gate oxide
includes thermally oxidizing the silicon fin etched from the crystalline silicon

substrate.

18. The method of claim 16, wherein etching a fin from a crystalline silicon
substrate includes:

etching a hole ina layer over the substrate;

forming sidewall spacers in the hole;

forming a fin pattern from tl:Le sidewall spacers; and

etching into the crystalline substrate to form the fin from the substrate

using a mask corresponding to the fin pattern.
19. A method for forming a transistor, comprising:

etching a fin from a crystalline substrate, the fin having a cross-sectional

thickness in a first direction corresponding to a minimum feature length and a
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fornmng gate ines adjacent to and in contact with the surrounding
gates for adjacent transistors in the array; and form ng second

sour ce/ dr ayyp 2hghees for the silicon fins. 23. The netgad;Qbobabim
22, wherein formng a surrounding gate insulator includes thernally

OX|d|2|ng the silicon fin etched fromthe crystalline silicon
substrate. 24. The nethod of claim 22, wherein formng a surroundi ng
gate includes formng a polysilicon gate. 25. A transistor,

conpri si ng: a crystalline substrate, with trenches etched
therein to forma crystalline sem conductor fin fromthe substrate,

the fin havi ngcﬂ;s@-&éb?i%nﬁl&ﬁickﬁﬁ%@in Jid¥BAS Hiosktibh dtthbgorlabBIhé fiss ditection
m ni rum feature si ze; irst source/drain reglllon fornmed in

the crystallinéss Q}?@tﬂf‘%{f’é‘“ﬁ’ﬂlmafebﬁ%ﬁt Isngths whergneiqiungg in ipckidetin g

source/drain regi One{cgfﬂmdlélnpaﬁ?&o@@{&bgﬁbsﬂfatet he fin to define a
vertically-oriented channel ion inthe fin between the first and

second sour ce/ dr ai nffPI@}jPB)ﬁéew%i?@@F@TS imdghateor formed around the fin;

and forming a fin pattern from the sidewall spacers;

etching into the crystalline substrate to form the fin from the substrate
using a mask corresponding to the fin pattern;
forming a first source/drain region in the substrate beneath the fin;
forming a surrounding gate insulator around the fin,
forming a surrounding gate around the fin and separated from the fin by
the surrounding gate insulator; and

forming a second source/drain region in a top portion of the fin.

20.  The method of claim 19, wherein forming a surrounding gate oxide
imcludes thermally oxidizing the silicon fin etched from the crystalline silicon

substrate.

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

etching the gate so that the top of the gate is below the top surface of the fin.

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

forming a nitride layer on a silicon wafer;

forming an amorphous silicon layer on the nitride layer;

patterning and etching at least one hole in the amorphous silicon layer;

oxidizing the amorphous silicon layer, which results in oxide sidewall
spacers on sidewalls of the amorphous silicon layer;

backfilling the hole with amorphous silicon;

planarizing to expose the oxide sidewalls;

patterning and etching the oxide sidewalls into a fin pattern;

removing the amorphous silicon;
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a surrounding gate formed around and separated fromthe fin by the i
gate insulator. 26. The transistor of claim25, wherein the

crystal | i ngosu@stifate i ncludes silicon. 27. The transigiis2Gi7/064460 M
25, wherein the crystalline substrate is a crystalline silicon wafer.

28. The transistor of claim 25, wherein the surrounding gate

i nsul ator includes silicon oxide. 29. The transistor of claim 25,
wherein the surroundi ng gate includes polysilicon. 30. The

transi stor of claim 25, wherein the surrounding gate includes netal.
31. Atransistor, conprising:, a crystalline silicon wafer, wth
trenches etched t hetdiine the nitgdedayes tepyingla finpatisErhe i hidedeagatit ths fy om

t he wafer, thepah[e}g‘]m%gdgg&i@ev&qlg;ss-sect ional dimension in a first
tt1s

direction tha ess than a mninumfeature size and a
cross-sectional di resehdngiheisidican sefarmbing the fnipstiemraf pogdnas a mesk.fe
first directi Otchtsh‘ﬁ‘éoncﬁ’:{sr @3% iéogn% 1r;m' ni mum feature size; a
first source/drain region torned 1n e’crystalline wafer at a bottom
of the fin, and a depbmtingdupadaod diffusing dheodophot tvgdm A canduspopbne i on

AR CITERT ARSI T R RN
for the silicon fins;
forming a surrounding gate insulator on the silicon fins;
forming a surrounding gate around and separated fom the silicon fins by
the surrounding gate insulator;
forming gate lines adjacent to and in contact with the surrounding gates

for adjacent transistors in the array; and

forming second source/drain regions for the silicon fins.

23.  The method of claim 22, wherein forming a surrounding gate insulator
includes thermally oxidizing the silicon fin etched from the crystalline silicon

substrate.

24,  The method of claim 22, wherein forming a surrounding gate includes

forming a polysilicon gate.

25. A transistor, comprising:

a crystalline substrate, with trenches etched therein to form a crystalline
semiconductor fin from the substrate, the fin having a cross-sectional dimension
that is less than a minimum feature size;

a first source/drain region formed in the crystalline substrate at a bottom
of the fin, and 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
source/drain regions;

a gate insulator formed around the fin; and
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a gate i nsul ator formed around the fin; and a surroundi ng gate
formed around and separated fromthe fin by the gate insulator. WO

2007/ 11492¢8Gl¢A494R97/ 008400 32. The transi stor of cl adfkboowbgoei N
the gate insulator includes a silicon oxide. 33. The transistor of

claim 32, wherein the silicon oxide gate insulator is thermally-grown
silicon oxide. 34. The transistor of claim 31, wherein the
surroundi ng gate includes a polysilicon surrounding gate. 35. The
transi stor of claim 31, wherein the surrounding gate includes a netal
surroundi ng gate. 36. A sem conductor structure, conprising:

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

insulator.

26. The transistor of claim 25, wherein the crystalline substrate includes

silicon.

27. The transistor of claim 25, wherein the crystalline substrate is a

crystalline silicon wafer,

28. The transistor of claim 25, wherein the surrounding gate insulator

-includes silicon oxide.

29, The transistor of claim 25, wherein the surrounding gate includes
polysilicon. '

30. The transistor of claim 25, wherein the surrounding gate includes metal.
31. A transistor, comprising:

a crystalline silicon wafer, with trenches etched therein to form a
crystalline semiconductor fin from the wafer, the fin having a cross-sectional
dimension in a first direction that is less than a minimum feature size and a
cross-sectional dimension in a second direction orthogonal to the first direction
that corresponds to the minimum feature size;

a first source/drain region formed in the crystalline wafer at a bottom of
the fin, and 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
source/drain regions;

a gate insulator formed around the fin; and

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

insulator.
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an array of transistors arranged in col ums and rows, each transistor
including a first source/drain region, a second source/drain region

above the wbrzsﬁ-;;ﬁmﬁ ce/drain region, and a vertically- qfdmzeﬂmosmo
channel region between the first and second source/ drain regi ons, the

channel region being fornmed in a crystalline sem conductor fin having
a cross-sectional thickness that is less than a m ninumfeature size,
the fin being forned froma crystalline wafer by etching trenches to
define the fin, each transistor further including a gate insul ator
formed around the fin and a surroundi ng gate forned around and
separated fromthe fmby the gate insulator. 37. The structure of

claim36, furiher CORRFfh§RHoALAESE wikREn Qﬁstgt%té inSRalt %Q:d%@&sfﬁk&? in
contact with the surrounding gate. '38. The ructure of claim3

wherein the fiokidsas a rectangul ar cross-section with a long si de and
a short side, and the at |east one gate line contacts the surroundi ng
gate on the short side. WD 2007/114927PCT/ US2007/ 008400 39. The
structure of &Pai mT3E trankistorphiclaine32.iwhehas the silionanie gate insulator is

Cross-section |$k' e d a short side, and the at |east one
gate line contﬂi{agg%ﬂgn? (R'g]g?lr?%ﬂjn ng gate on the short side. 40. The

structure of claim 37, V\/nerel n the at | east one gate line includes
two gate Ii N€340N RIS 0? &gm? gl wf'l] rein Ehe surrcunding gate includes a

polysilicon surrounding gate.

35, The transistor of claim 31, wherein the surrounding gate includes a metal

surrounding gate.

36. A semniconductor 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
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, the fin being formed from a crystalline wafer by etching trenches to
define the fin, 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 insulator.

37. The structure of claim 36, further comprising at least one gate line along

the fins in contact with the surrounding gate.

38.  The structure of claim 37, wherein the fin has a rectangular cross-section
with a long side and a short side, and the at least one gate line contacts the

surrounding gate on the short side.
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41. The structure of claim 36, wherein a first row and an adj acent
second row has a center-to-center spacing of a mninmumfeature size
I nterval (WP)208783492t he t hi ckness of the fin structures,PCIUS2087008400
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.

39,  The structure of claim 37, wherein the fin has a rectangular cross-section
with a long side and a short side, and the at least one gate line contacts the

surrounding gate on the short side.

40. The structure of claim 37, wherein the at least one gate line includes two

gate lines on opposing sides of the fins.

41. The structure of claim 36, wherein 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 (NF) pius the

thickness of the fin structures.
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