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form the features, such as photolithography. This trend in increasing integration is also
accompanied by a corresponding decrease in feature dimensions, which makes electrical
isolation of the features an important aspect in fabricating semiconductor structures or
25  semiconductor devices.
The trend is of particular relevance in the manufacture of memory devices, such as
dynamic random access memory (“DRAM”) memory devices. A typical memory cell,
such as a DRAM cell, includes a transistor and a memory storage structure, such as a
capacitor. Semiconductor devices typically include large numbers of DRAM cells. As
30  the dimensions of individual memory cells in a DRAM array shrink, adjacent or
neighboring gates become closer together and the need for efficient and reliable isolation
processes to separate active regions, such as the transistors, of the DRAM cell
dramatically increases. Known fabrication processes for producing memory cells and

other devices having sub-micron dimensions have become increasingly inefficient. One
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DRAM array by forming digit lines over and in electrical connection with some of the
source/drain regions and by forming a plurality of capacitors in electrical connection with

30  some of the source/drain regions. The memory device structure includes a substrate, a
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pair of so-called “pedestals,” “pillars,” or “fins” of semiconductor material, the gateline
material located between the pedestals, and a gate dielectric material. One of the pedestals

corresponds to the source/drain region utilized to electrically connect to the digit line, and
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While the specification concludes with claims particularly pointing out and

distinctly claiming that which is regarded as the present invention, the advantages of this
30  invention may be more readily ascertained from the following description of the invention
when read in conjunction with the accompanying drawings in which:

FIG. 1 is a cross-sectional view of a conventional memory device structure;
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advantages of this invention may be nore readily
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i'ng a semcon
andoiin & complete process flow for manufacturing a semiconductor device, and the

semiconductor structures described below do not form a complete semiconductor device.
Only those process acts and structures necessary to understand the embodiments of the
present invention are described in detail below. Additional acts to form complete
semiconductor devices from the semiconductor structures may be performed by
conventional fabrication techniques. Furthermore, the illustrations included herein are
not drawn to scale and are not meant to be actual views of any particular semiconductor

structure or semiconductor device. Rather, the illustrations are merely idealized
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act Sem ¢on UCt or cture
refers to a conventional silicon substrate or other bulk substrate having a layer of

semiconductive material. As used herein, the term “bulk substrate” includes not only
silicon wafers, but also silicon-on-insulator (“SOI”) substrates, such as silicon-on-sapphire
(“SOS”) substrates and silicon-on-glass (“SOG”) substrates, epitaxial layers of silicon on
30  abase semiconductor foundation, and other semiconductor or optoelectronic materials,
such as silicon-germanium, germanium, gallium arsenide, gallium nitride, or indium
phosphide. By way of non-limiting example, the substrate 102 may be silicon, such as

polysilicon. The substrate 102 may be conductively doped, either as-deposited (i.¢., in



(see FIG 8) having inproved isolation, a plurality of
materials may be fornmed on a substrate 102 and
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term"substrate" refers to a conventional silicon
substrate or other bulk substrate having a | ayer of
sem' conductive material. As used herein, the term
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material 106 on the substrate 102 may cause electrically active interface charges to form,
forming the nitride material 106 on the oxide material 104 may reduce formation of these
charges. An oxide pillar material 108 may be deposited on the nitride material 106. The
oxide pillar material 108 may be one of the silicon oxide materials previously described
for use as the oxide material 104. As such, the oxide material 104 and the oxide pillar
material 108 may be formed from the same or different materials. By way of non-limiting

example, the oxide pillar material 108 is a HDP oxide. An etch stop material 110 may be
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material 104. The nitride material 106 nay be any
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tenperature including, but not limted to, silicon
nitride ("Si N4"). By way of non-limting exanple, the
nitride material 106 may be deposited at a thickness
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at patterh |arg<m)é discysped in detail herein. The pattern in the photoresist material may
include spaces and lines having substantially equal widths. The width of the spaces and
lines may be a minimum feature size (“F”) printable by the photolithography technique
used to form the pattern. Alternatively, the spaces and lines may be printed at a feature
size greater than F. By way of non-limiting example, F is approximately 66 nm. The

pattern in the photoresist material may be transferred into the underlying materials by

etching the underlying materials, as known in the art. The pattern may be transferred into



approxi mately 2000 A. The oxide material 104, nitride
material 106, oxide pillar material 108, etch stop

woradoenssai2 110, polysilicon materigal 112, and he€OUSmE¥045417
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first trench 116. Th irst trenc may have a
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ph %a Cefat % may maintain the substantially vertical sidewalls 117 of the first trench 116'.

The depth of the narrowed, first trench 116’ may be extended through the nitride
30  material 106 and oxide material 104 and into the substrate 102, as shown in FIG. 4,
forming first trench 116", The depth of the narrowed, first trench 116’ may be extended
using an isotropic etchant. By way of non-limiting example, the first trench 116" may be

formed by dry etching the nitride material 106, oxide material 104, and substrate 102. The



material. Etch chem stries suitable for etching these
materials are known in the art and, therefore, are not

walemenidserl i n detail herein. Ren®i-ni ng porti onBCDUS100€045417
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photoresi st material overlying these materials may be
renoved, as known in the art. A spacer material 119

may be conformally deposited into the first trench
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CF4-contai ning pl asma, a CHF3-containing plasm, a

CHapd sesond tiem 2’pqu:§$md aggiess device or “RAD” trenches) (’iuring subsequent

processing. As used herein, the term “RAD trench” means and includes an opening in the

substrate 102 in which a wordline is ultimately to be formed. The second trench 122" is
shown in FIG 7. To further increase the oxidation differential between the spacer
material 119 and the substrate 102, the spacer material 119 may be doped with n-type or
p-type impurities.



m xtures thereof. The depth of the first trench 116"
may be approxi mately 2000 A, Features ultinmately

wo e0oreBIN the first trench 116 10my incl ude, BUL/US2089/045417
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not limted to, isolation regions, gates, or

t hree-di nensi onal transistors. By way of non-limting

exanpl e, isolation oxide regions 132 are forned in the
first tr e "
trench {raRoyEREFIh SR fen P18 Hay 1eeBNERg S kst Kphon 16" before
t r eapdsitingladill maieah]l intheofisideencl § i @h sThk3ider El@l raa}ebecﬁehhsd from an
fromother. cells_ or f other ro in.th

o
o e/ R BEITENe: S04 TEY b Gopesiisd DYAOTREROPRHES LS By way of non-
po ﬂl‘ﬁhﬁ’ﬁg@ antlé‘| thelRB1 ffﬁffs Forbfid RENERENAL RECHPAMTHER) ST HBC liner 118
the polysilicon naterial 112, etch stop material 110
oX inghy qonlabtathe srleveallsalf thieO@st treingh il . ARk dirst &lendtob], 6" awe be filled with

o qﬁlorg%t s Iol% 104?‘{"& o ]g%g g?ﬁet ﬁlzmgte g? %\?lz)og (%elsectrlc material,
St rsh'éH ééra%ﬁﬁﬁ&ﬁd&&@@lc'ﬁ‘@Dg)), sﬂla_&ﬁdlgiﬂde etEs, s 8 MdPoxide. The first

produce the first trench 116" nag@gndercut ortions of

t héresgfbblor' ey bp;o”Qled &3 comvsHoRs taghiinues, suches y hlapkegdeppsition of the
Whi h e d g n

su 61 %le q%[feblﬁ ll‘lgg a% K S:[10 QO fi 1n:%g{1 ﬁrst ﬁjg'nch ﬁtég l,’llrcl edrlec::la‘ft{lc material may be

maYoedpyeste Epacéksmﬁtbﬁzﬂ ugsadd polysitcen eattddlll 1Dehe ‘kzhown in the art,
this undercutting of the substrate 102 nay deS|rabIg .
pr &t mateaiak 1208y Rerdeapifigd pyddaped ity an; l@ahmbfewlé @ boron, forming
fir S

t r SBAOW EOER jebhdion (T AELOR: (ELQRRIpA fo R OMIon oxide

du lrégmglsslﬁbsh(mmemﬂp} 8t eBl&i d@@mgﬁmawbse@nﬂmte:l m adﬂihlenal@lr(messing acts
"RAD.trench" |ncludes

LRGP R Ao PEn b it PBRo Bl B ine ety SErtustsd after the
fo %ﬂ?ﬁ@ctsﬁ@ﬁm%@& el TROAEhiIALAay be cSRRWRA BinE by duitall@ doping
further increase the oxidation differential between

th @rqw:pmmludmg it aot lintigedgmdon heplgmbtsqrr ertdeffusim. Byhway of non-

S ﬁ_ﬁ' mat G ai}}?(])l{:lﬂgg?r laéltgigg mate1r1 andr{_BLel%l? ?na?erlgpli(y R %102

Iner

d eposi t G(ﬂle iFil rhdrexidlilns tnaly e Iﬁ)@dﬁaﬁﬂeﬁ s@ﬁfaﬁ) be cl@&dﬁ@ﬁ Inﬁdch@naal polishing
fill material in the first trenc 6". The liner 11

may Q@YPFotmisamore pertians ehtheiBll a%atfalah il%(} Pdendingripongipe t%'@er 118 and the
de Q?a%'ext l%cdttemﬁ 59NV %@Iﬂ:ﬁ) ﬂgﬁﬁrtsﬁffm% %g&? lm%r 11 d ?{ acer material 119

nontimting exanp I ner orne an
oX inthy,besnpdreds THE@ceﬂfhaeﬂlal né9 nihi e mayowedriyavatt etchmg or dry etching,

S|demall of th r trench 11 The first tre
116%PoriE ool pifses Otbe iR D e :Pzﬁﬁf S5l etch sop
in rﬁ:a]teqfiaﬁ5 110/RRq f)bl%lh&ﬁlt Bl 1420 R@ﬁﬁ()vf?@ tie. @e!r &fedtdrlal 119 creates a

material, such as a spin-on-dielectri¢ ("
S| Igap onvaid shietdhe FEGS, majeria LHDMas mewuslﬂh@afqdr By way of non-

N R s L e
12911atérﬁtl aflglinky 88 efched 1hs|1rlgbaﬂﬂ>lﬁthﬁ dfitdt@inety@mehorika hydidxale

dielectric material ma
(TMAH). Alternatively, if the spacer material 119 is formed from a nitride, the spacer

material 119 may be removed using a dry etch chemistry. During the removal of the
spacer material 119, the nitride material 106, oxide pillar material 108, and liner 118
function as etch stops. However, portions of the fill material 120 in the first trench 116"
may be recessed such that portions of the liner 118 extend above an upper surface of the

fill material 120. Removal of the spacer material 119 provides a trench (first trench 116)



formed over the spacer material 119 and pol ysilicon

material 112. As known in the art, the fill material
wa22®smesp1be densified and doped-w th an i npur i RgT/US20041045417

as boron, formng shallow trench isolation ("STI")

regi ons (which correspond to the isolation oxide
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108 and the nitride materjal 106,

While removing the polysilicon material 112, the etch stop material 110, and
portions of the oxide pillar material 108 and nitride material 106 may be conducted as
previously described, additional processing acts may be contemplated to produce the

30  second trench 122 and oxide pillar 124. The etch conditions used to form the oxide
pillar 124 may produce substantially vertical sidewalls 125 of the oxide pillar 124. Each
of the second trench 122 and oxide pillar 124 may have a width of F/2. The width of the

second trench 122 may correspond to the width of a gate 129 ultimately formed in the



produci ng second trench 122 and oxide pillar 124, as
shown in FIG 6. The second trench 122 may be forned

WO poobhesooxi de pillar material 108 and at | eastPCT/US2009/045417
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partially into the nitride material 106. FIG 6
illustrates the resulting structure after nultiple
process acts described above have been conducted. For
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ma RN aknchl8cadibombdtii sldes ofabeefin &30. Mturm/fobﬂecbmmmmtmdi
as preV|oust d rlbed gdltlonal rocessi ng acts
mayreRE n’F’éYrﬁ}C Pt gregiop fmted 9,450 LB AR e Giibree-

andiReds %amﬁlg{or%ﬁ, win6f RS &R Akdrh Q8 sga%qéma& tHRAeA in the

t he oxi de pi may produce Substantiall
velsd:qood Itremmm&a(lsbesFII}Z 3).0A gateeoxade 126, pichlas SIQ;zZmay Badimed along

of the n re 0 hav

o il bR e ARed b aeRnd P A2 Ths Sekke
C 0 "tr%ﬁt?rpmdmfa? bt RBedMvith ﬂlégzateamgt@ﬁﬁ 128 Ssudh bé MMhidhdmitride. Portions of
formed in thesubstrate 102 (see FIG 8). The width of

¥ héheosateimaigrial 128 omr&ym&shedmmr bio thedilkmaterial 120 dand ty oxide
| t tel .-
FII %}lﬂéé;t) 249 R%aly ¢ rt?vaedo ng%s 5}? Cltl\ﬁlg o% ()%Hg tgoﬁ{/%tléggl fé:}ﬁ%gﬁ In addition,

be ayseibnas tiee éh@er Iﬂaﬂéﬁﬁlkl 28 @eraxhidgdn tH&&edﬁxﬂttfa:ndfes 422 @y be removed,

trench 122 form ng second trench 122" in the
s ubrsessiigth q_the mppteaial £2&brlow an upper surface of the gate oxide 126. By way of

non-limiting example, the gate material 128 may be recessed approximately 150 A below
the upper surface of the gate oxide 126. While depositing the gate material 128, removing
portions of the gate material 128 by CMP, and recessing portions of the gate material 128
may be conducted as described above, various other processing acts may be contemplated

to produce the structure shown in FIG. 7.



trench 122' is shown using dashed lines in FIG 6 and
in FIG 7 partially filled with a gate nmaterial 128.
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sidewal I s 125, sidewalls of the second trench 122" in

the substrate 102 may al so be substantially verti cal

I'n addition, remaining portions of the substrate 102

bel ow t Age %321dg BilRk Ilﬁ@ nitkté matdHa¢ 106 Ghd 6580 Rtekial f04rlrema1n1ng over
130 ultimately formed in the substrate 102 (see FIG

8) thmbstfmwbu@)sbem:moabd gndvamitrideahateriad Gvos Shayyn) Ty be deposited

second trenc 12 be forped b et chin
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ni g E}Qﬁmﬂﬁtl:%' &l THOGki@Nst1id1e4s uhsdd @heridi0d6, AdIdxi material 104
this etch, the fill material 120, the |liner 118, and
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be sEugiaredAt A anavbecybieaiad fo Rurther RipcesHR® RS Kipwniighe art.ttp groduce a
t
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Se kaovn i thaah, the mﬂmﬁyrocasmgmmn dedcabead RA&IBtalﬂrh@rmm As known in the
| ocat ed .on oth |des of .the. fin 130. .Featu
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l ' @]1 gﬁqr n%l‘?ate Hﬁ&hﬂ& ) 8 Rra RN aﬁ%oﬁ?oe/d%m reg1ons The substrate 102

hree nsi o transistors. By way of non-liniting
ex arrqylbe dopgert esngl29 saiteblé dopegiptioness sack ascion dnpllaatﬂhtbn or diffusion.
such as Si

e Aedt e it Ag- e sl O e beiERe RS of Dot Gftes SRihe
S u gf@@ﬁnﬁ%acfsr&s&%@ ABove! §YGRaylatdion-libRiEing e6mle, Wi fikdh regions of

e filled with the gate material 128, such as
t i tt@aﬂubm’am 12 ey, bekormpd iy coivertienaligelmniques & pravide plgctrical

g{)%ryxecp& &Hﬁ Féﬁe‘&%é%&r}ssof tflcgﬁng HOI S‘i%te%lbﬁhtaﬁég E;gﬁrgﬁ}#es are known

renove

or inthe eft, dxqmgedsﬂth@mﬁktrite¢M1sqmedesbnb@1dd idttiaid heren.
portion of the gate materi al 8 remaini [

ng in th
second tﬂye\ﬁ@fggloyégnmﬁ&?xagg) ?,é @gaconldg%t@ggmqgqu ﬁgA may be used
gate, FRLR @éwé@r&vﬁl |tQIW s YPPRLHANH oSidl Hil¥EBatiR gates 129

oxi de 126.” By way o Imting exanple, the gate
namiyl cahtrdl%cam;rartmstmre,oem% are as;mﬂmcﬂ(frmatneigiaqu aictse lraugistors by

d e wiaﬁl?)g [qéfa? %%g?%%t 135 nﬁez?lgg%taed :E%gatloln é%‘?gVYﬁeH &a%g ?%9 gl%ovd("led by the

t hgsalidfoR ORI 9&didds 1528whie BYBoroAnfhplaBfE6S i@ theaddldtRADxide
of the gate material 128 maﬁq be conducted as descri bed

ab@e&onwléﬁuwyr@wﬁ@@legﬂe@é@ ipqjatigat betwieep theegates 129. The fins 130

5¢ O%ﬁmn”g na gd i ]%I &4 Odjtéj)Cse élﬁ t‘rﬁ%’ Héig i ﬁ{l?avg QW%%}QH}F l/eglcal sidewalls,

OXivilen higd @itd Ahtedifl4 28 eﬂ@épﬂslf@l inviersetdid teemblsdsrial'ao It the gates 129,
may be renmoved and a nitride material (not shown) may.
be teregtasi 2@ @re isolated and shorting between adjacent gates 129 is substaritially reduced
or eliminated. Similar methodology to that described above may also be used in
additional applications. By way of non-limiting example, the semiconductor
structure 134A may be used in producing a two-vertical transistor or a one-capacitor 4F?
DRAM cell.
Numerous advantages are achieved by utilizing the process described above to

form semiconductor structure 134A. By utilizing the spacer material 119 in combination



over the gate material 128 to prevent oxidation,

produci ng sem conductor structure 134A as shown in
WO-L@9/1891The oxide pillar 124", -mdtride materiBCT/USHNI/ 045417

and oxide material 104 may be renoved by conventi ona

techniques to formthe sem conductor substrate 134A

shown in FIG 8. The sem conductor structure 134A may
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15t V\@a&b Q&féleﬁjs&i:ﬂhe PriBeSa! RScried iMBMitsPSKhicd PatdfaRs 7,098,105 and
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Met a
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12@revepisliveriermapnrhsrygep die fishiersh 1k Lol frsvig gnd the second
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respectively, as shown in FIG. 9 at least a portion of the fill material 120 and gate
material 128 in the respective trenches overlaps.
In another embodiment, improved physical isolation between gates 129 of
semiconductor structure 134B (see FIG. 18) is achieved by extending the Lefective and
30 increasing the field gate oxide so that V; may be increased above the operating voltage.
The isolation between the gates 129 may be achieved without utilizing a second
photolithography or masking act, which provides significant cost savings. In addition,

self-aligned features may be formed. To form the semiconductor structure 134B (see



Nurmer ous advant ages are achi eved by utilizing the
process descri bed above to form sem conduct or
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Si e I rotection is not utilized. Further
g‘é%e E?tP’F?é‘rSt wpigdalde P‘é?dB%Fr £ PRifean a‘feﬂﬁ’?glé%}“ﬂ?é&}n detail

b e helelre CltHe\fﬁ{té’m'lﬁ e 3h6@reslsPmaReht ﬂl&’}nbe fRreRl 't(?!h@ hiRi§Hask
o formthe pattern’in the materials overlying the
s u lwtterrad el41o@ snhglrabael (Zhprodueieg a petierh ef lirmednd spacéschaving equal

br oc%ﬁsgéhgg C{ﬁtf ﬁ Q%j %{r g{ry@tg?d S—Eﬁxﬁtﬁlls&peg?{ngg Ehgﬁ'nes may have a width
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b (13 Vi)
or 3¢ ieR R R CotRAGRT b FettBlehot, leRAE A WBen brpipide (“HBr)-
( | dadedich@nistry.ench) and the second trench 122" (RAD

trench) by incr over].ap between the first trench |
116" andStshews éb@lﬁu 19, oventiqblmateng] 1 169 &y g spyformally deposited over

d e%fér fiR8do. BXfo&‘é‘@ﬁJ g‘ﬂf’é tH%%aérﬁfcla? &&Qa%érfaﬂ ), 192 RPPWRGE N
FIG 4 by the da nes) first trench 116" and
t henagemb hith mag ephorkdlg, bam);nf(nmhy dq:podmd owgr thedmeddentf present, the

ce reven a sliver of s con.fro
P frmtiel BrigRiateb! PadhakiS e o hed SRl flleen e,
t heudstrhtl b bR saclrﬁicwﬂ nReRl 170 THeeBGHcia Rehtdrld€ 170 may be
second trench 122' (RAD trench) are filled with fill

rratiél?qsé¢d D2OLErRt offer eonfarmed! idgpositipg teqhéwec The/mpigrialassed as the
?éggllﬁgﬂl E}é%alg IJOS;%}J beeasseleé:%fi g)?gefé%r}ts et ggrragtgngetécts relatlve to the etch

t r enhasistivest aRg expdsed pRtdMaLs, ﬁﬂh@@lepr@éd omﬁe)xmmﬁ@ls The

physi cal isolation between gates of
sacrificial material 170 may be selectively etchable relatlve to other exposed materials. As

used herein, a material is “selectively etchable” when the material exhibits an etch rate of
at least approximately 2 times greater than that of another material exposed to the same
etch chemistry. Ideally, such a material has an etch rate of at least approximately 10 times
greater than that of another material exposed to the same etch chemistry. The sacrificial
material 170 may be a low cost, low quality material having the desired etch selectivity.

As used herein, the term “low quality” means and includes a suitable material having



sem conductor structure 134B (see FIG 18) is achieved
by extending the Leffective and increasing the field
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operating voltage. The isolation between the gates 129
may be achi eved without utilizing a second
photol i t hography or masking act, which provides
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substrate 102. By way of non-limting exanple
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oxide material 174 (if present) may be etched separately from the substrate 102 using
conventional dry plasma etches. The depth of the first trench 116 may depend on the
features to be formed in the first trench 116 and on requirements for physically isolating
gates 129 (see FIG. 18) formed on the substrate 102. The depth of the first trench 116
may be selected by a person of ordinary skill in the art and may be achieved by
appropriately adjusting the etch conditions, as known in the art. While the dry plasma

etch may remove portions of the substrate 102 and the sacrificial material 170, vertical



characteristics of other exposed materials, such as
exposed oxide materials. The sacrificial material 170
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materials. As used herein, a material is "selectively
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material 170 may protect sidewalls of the fins 130,

pr dwst dr@n@el 1f6 rad igmaishsubstawiiplly dntaeti dhe aish gheraisity mag lhave a

d Iu lrs%lrg] IVIt?’ i ea{x}%'lgmaﬁlgat% lélh@ gglrg{i) Ittjél aeﬁﬂ' Q'giter]éls of @reater than
na%p}ﬁl@xilm?a@ély as 1 asudR el giFaKthie agiroXinatdy 16G0:1.t Bemak of Aén-limiting

t( ?gﬁégg ;,i%clilﬁagey toﬁ,lgﬂ)%@f I—ianta}I/q ge 3s%gstct) ge?éc%vg'lg)fzremgxlzqeethg Ise{c%tﬁmal
material 170. However, other conventional etch chemistries having the desired selectivity
may also be used. By utilizing the difference in etch characteristics between the sacrificial
material 170 and the fill material 120, the fill material 120 may remain in the first
trench 116 while the sacrificial material 170 is removed.

A gate oxide 126 may be grown in the second trench 122 and a gate material 128

deposited over the gate oxide 126 by conventional techniques, as shown in FIG. 17. A



formed between adj acent fins 130, separating the fins
130. To formthe first trench 116, the sacrificial

woradoenssai2 170, sacrificial oxideldmterial 174 ¥CT/US2009/045417
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present), and substrate 102 may be etched using a
conventional dry plasma etch, such as an HBr/d 2
pl asma etch or a fluorocarbon plasm etch.

Al HERAN MR dhte hiEriai A8 kekichdifk abRE8 tbburbEéO o BRE filihBaterial 120
sai)ri fici gﬁl%xei de rrlnat eriea‘ie 117%a(i f prlgsent)omay 1be ena may
et dbheenaedaasashewy iff Fiiiml8 hprodudnsg seatieond0@oustiunigre 134B having

' . | et ...rhe dept f the f.i
CoEnt ne il aira SLehee  The Som f, The Lurat
t hgethbvedtbylcbftmBodel G ARMUA) sUcRGY by EMBPUS e Rse the top surface of the

t
physically isol ati n%hﬁgat es 129 (see FIG 18) fornmed on.
t hdasiraskmeaterial 024. Theegatepeterialf 1 28meaytherfurtharreqested 10 6 desired depth

may be sel ect.ed.b erson of ordinary skill in e

o Eif g SRl S BoRE B9 B e et Mfineleels 130 oy be

et elfe@BRN itd1R08 frodSorkeHA¥Mer BY thB &okkibn oMlie ke&gidnRa 32X Yhe Lefrective of
pl asma etch nmay renove portions of the substrate 102

anéhe gagesd 2R foredjag deseribed abgyve may be gpproxistadn f of appsogmately 5
a S&c e ;
L SRR G g a2 T bl g 1345 may e

de sabsjediatitolzdtinional tphee sy fofpraduat theakesrddaherdol devige.b®uch
renmoved. durjng subsequent processing.to faorm second.
t r EFROASSIES gty 1 e it oy ﬁ*aqﬁéfmwﬁagd%mrqdi p é_ataﬁﬁf:q@m- By way of
fi Inbn—_'ﬁﬁii@ﬁé@imﬂx%)@, theASmiddAWk sk e 1BAB nif3ebd skl in a damascene

0 y 30. The

mat eri al al so extend above the firs 130.

f i Iptocrsst dangsceb Pravassebare&ndve lireiht mitcandathereiat, dnandtrigscussed in
different.etch. characteristics t.han the sacrifjcial ..
Y B UG (66 SRR RGP Ar RS rafeRy g« emaining
MaYv&ehS BhELI0 M) de RhfoRed af ®hRhipyRit iR sbhiRohdildtor structure 134B may
material 120. The fill material 120 may be a high

qué&r sebptantiplhidertivg] toyhe seriiendpetorstiveiurg hidAudi ng, but

not |im T 1 U rei . )

qgual i tg]htl ?f%ghé’mgrn [ rﬁl éﬁ%’e%%go%gtp g&%}%all Egég%léﬁg%e% gé}es (not

f r eleoved) fommudrfrdrh @ate nByerish Y2061 samicdntlactdd sagcteralfadD(see FIG. 21)
the fill material 120 may be TEOCS deposited by the

ApPIaY s appgrdcarionpigs aAsphaped RRg Piaedls kgmﬁhﬁ-w‘?strate 102. As
whi e com i . . N

B e Bk i ey

at betvieeg Hergates mpgrbatachievadnaithauhetilszmg 4 $econdphatel itbograthy or

170. O Fl. 15 .the fill. ial 120 .b
~ ! Ginshine B0 Wigh Rraides sedifistcg s Batodh Brondt LiRigg, selr
17aigedttbuiaidy ARS be W?' |ﬁ{ thislénbddin@fldhé Fi891300may be formed in

renovi ng portions of the fill material 120, the

pI dheeabstents B2, el thaasuificishovide poferiabh @fpreseat) and the sacrificial
Sag raltefr{a]f ﬁl)dlc‘{)%t i éﬁlagg&oﬁ%e(? f})/veelrr ltﬁ’ ! f?r% 1‘38 Cas E}?{y%u%glsé%scribed and

materia I Cla r?aer|a1 a
sadlhisfrited &1 FIsi TR 120TRe $aatifidid¥mitefial 176 eythe us@h@i aiaf@mask to

on fg’rin'ldt(?l\elz\k{lfl-lshsélpgcllc tret:nll?l 1f8|4 Tﬁc’ th:(le- Egbsgg e 102, as illustrated in FIG. 19. The V-
shaped trench 184 may have substantially sloped sidewalls. In contrast, the first
trench 116 described above and shown in FIG. 13 may have substantially vertical
sidewalls. The V-shaped trench 184 may be formed by etching the sacrificial
material 170, the sacrificial oxide material 174 (if present), and the substrate 102 using a

conventional dry plasma etch, such as a HBr/Cl, plasma etch or a fluorocarbon plasma

etch. Alternatively, the sacrificial material 170 and the sacrificial oxide material 174 (if



be selectively renmoved, formng second trench 122 (or
RAD trench) adjacent to the fins 130, as shown in FIG

waeeosTkisacrificial material 1709ray be renovRdI/uUSIoNgy045417

a dry etch chemstry or a wet etch chenmi stry sel ective

for the sacrificial material 170 relative to the fill

material 120 and the hard nmask material 114. As such,

tNerdsbht ' ey #08 thd §ubbird i/ @nVB¥ional dry pl

o prgsktt) mRF bEEAcfb febhalell i dhe Siblirds SO dhine donDBkional dry plasma
hatchas. swhie thesadrificiad matdrl $Htreifaintagdventtedms dBO IsAown in FIG. 19

;S:&? é(\}/lﬁ%{*oglp y f ie':{%, tl%qnafaqlt ereggé@giég%cg%cig@%tegaﬁl l%l?r?ay be square, as

ap %‘i%di@t BHiohOP: THe soRMINEYY RhaR0 Bf the 'V -Sh4p6d 84RANIZE may be
a dilute solution of HF may be used to sel ectively

51 epoxducediey enamtnolling dhedtchheanditionk, ag k0owiriowsbe ert, such awthe etch

conventjonal etch chem stri havi ng.the sir

S_eIC s ,@%gvn%ﬁr tgreﬂaéesagrggl?ia%yr gﬁl%t&}t&)pﬁgﬁ}eﬁggs%ate 102. The depth
di fof eV SRaped tr@ﬁdh_hl mhﬂd_}éuéfp@ﬁd &d 1he $¢a\lﬂﬁé Yhﬁl%lfohﬁ&i in the V-shaped
sacrificial material 170 and the fill material 120,

t hdrepeh 184rand onirequirppgniydgr physigally isplatingegatesifetmadifegye the gate
11 | i : ;
@na%ﬁall EZeé T%S%g{gé%&ee%gh?%f \Atﬁf%@f\fﬁsrhlflﬁééi tfleZlgh h &4 {n?lgﬁéé geqelcé@ by a person

gate oX second

10 an@f ardjaire skilirethe att ahd thagldp ashitwd y\wpproptieteyaidfusting the etch

15

126 by .conventional techni ques, as shown in FIG 17.
Ap&PR{iBPnsets knewmgathe afat eri al 128 ext endi ng above a

top surfgge f(%%n(j;x}me f\?—&ﬂagé@ﬁ@x{cihqlm,]tﬁp B YicBEmMARARVI®Y and the

as shown I n 18, producing sem conductor structure
1348 rHmidl ngidgatatesiall PBI (@fiptesent) Inztyi bereromveadeas shgivoms FICB 20, exposing

TS LSy et 5 PR b S e
t ORuEIMsH3GRING a driBtch 3hdidRs br ARkEdtRéhedldry sElR8ti @R the sacrificial

mat erial "128 nmay be further recessed to a desired

deprdterisd | Hretative in/ba substrale 108 andthetharst magkymaterigd 114. The V-shaped
rocessS;o lhe resulti es.. 1 f i vel
PSR R 5 s T Sl e

m one: an | ON
I egéraitdndiddor stth@uleaB4€ctviMi thé gitbexigall 26may Sutisentislt) £l the V-

descri bed above nay be appr oxi matelﬁ 4 or .
apphaver irarel |845snaperels 8| hsrgren thenians 13Rapaygemaismybsiantighy free of the

2092 Qt%'oxig&q 28€ @gf(}%ﬁyﬁﬁ Iq b8 ﬂa@l{ﬁén%eecoglﬁ)%ﬁaﬂ?éf?gﬁgﬁeover the fins 130,
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subj ect t0 additional processing to produ
dess sleovmiafibGy?2 Id eAn edditiGiat kacpificiabmstengl 189 nkaydwrfoinmedt dver the gate

art and refore, .is not descri ip. detail herein. .
By TR 3 PR R BT et FCEgPed tetich 184 i
st el Wi dSdiR 5Bde PR, URefhid MaRrislaTB SR QNS the fins 130 and
Danmascene processes are known in the art, and,

t hartihdheV-shapedrivenchil 8 Uy Blingtha¥tshapedtiesnel K4 Wi thegate
th t i the.h teri 114
RSB o 55T Mo 326, R RN S

POinitteriad €2 S @AY 6O Bttt 6l isdl4teld frofh@nd 34BhérifiePSubsequent processing.
substantially identical to the sem conductor structure )
134 e remainder of the processing acts to produce the gates may be conducted as described
in United States Patent No. 7,098,105 and United States Patent Application Publication
No. 2006/0046407. The Legrective Of the gates formed as described above may be
approximately 4 or approximately 5 times longer than that of conventional gates.
While the invention may be susceptible to various modifications as well as

alternative forms and implementations, specific embodiments have been shown by way of

example in the drawings and have been described in detail herein. However, it should be



In yet another enbodi ment, inproved physical isolation

bet ween gates (not shown) formed fromgate materi al
wa2®90489sEmni conduct or structure-284D (see Fl G PQIYSI009/045417

be achi eved by form ng a V-shaped trench 184 (see FIG

19) in the substrate 102. As such, the Leffect ve and

field gate oxide of the gates may be increased. The

8d:80d Bt WE G ﬁkﬁn ig ﬁfvﬁﬁ‘ﬁﬁg@/to }i’lﬁe L@éf%ﬂlb%ﬁﬁkﬂ%tdlsclosed
utl Izing a second photol it ogr ap or masking act
wh |Rathep,rthn/1ndemloalegmrﬁpasmtallamziiﬁcgtivmsn gguivaerthend alternatives falling

process. In additi.on, .self f ures nma
P o the ACQER 08 the Bt e AL 6F fedo ISR appeS) SRdnd thir
| ndRPeiidiat e 102, and the sacrificial oxide
material 174 (if present) and the sacrificial materia
5170 conformal ly deposited over the fins 130, as
previ ously described and illustrated in FIGs. 10-12.
The sacrificial material 170 may be used as a hard
mask to formthe V-shaped trench 184 in the substrate
102, as illustrated in FIG 19. The Vshaped trench 184
may have substantially sloped sidewalls. In contrast,
the first trench 116 descri bed above and shown in FIG
13 may have substantially vertical sidewalls. The
V-shaped trench 184 nmay be forned by etching the
sacrificial material 170, the sacrificial oxide
material 174 (if present), and the substrate 102 using
a conventional dry plasma etch, such as a HBr/d 2
pl asma etch or a fluorocarbon plasm etch.
Alternatively, the sacrificial material 170 and the
sacrificial oxide material 174 (ifpresent) may be
etched separately fromthe substrate 102 using
conventional dry plasma etches. Wile the sacrificia
material 170 remai ning over the fins 130 is shown in
FIG 19 as having rounded corners, the corners of the
sacrificial material 170 may be square, as previously
nmentioned. The so-called "V-shape" of the V-shaped
trench 184 may be produced by controlling the etch
conditions, as known in the art, such as the etch
chem stry, flow, tenperature pressure, bias, or
orientation of the substrate 102. The depth of the
V-shaped trench 184 may depend on the feature to be
formed in the V-shaped trench 184 and on requirenents
for physically isolating gates fornmed fromthe gate
material 128. The desired depth of the V-shaped trench
184 may be selected by a person of ordinary skill in
the art and nmay be achi eved by appropriately adjusting
the etch conditions, as known in the art. After
formng the V-shaped trench 184, the sacrificia
material 170 and the sacrificial oxide material 174
(if present) may be renoved, as shown in FIG 20,
exposi ng



sidewal I s of the fins 130. These materials may be
renoved by conventional techniques, such as by using a
wa@leopoassom2 chemi stry or a wet etchbichem stry seP@DUB2009/045417
for the sacrificial material 170 relative to the
substrate 102 and the hard mask material 114. The
V- shaped trench 184 nmay subsequently be filled, such
as with gate oxide 126, formgw glconductor
structure 134C. Wi le the gate OXI e 126 may
subBhatid ¢lailded if:i [ | the Vshaped trench 184, spaces 178
between the fins 130 may renmain substantially free of
the gate oxide 126. Gate material 128 may then be
conformgl |y depashiads %Y)ﬁa'hné B&ed innassellﬂ%&mdﬁcctorsﬁ%%ré Bomprising:
FIG 2 1. An additional sacFificial material 180 may
5be fémnngai pbwzérty ohersgatnehesthouglah pli2gity 6ﬁlnmlengs overlymg a substrate,
sem con St r.uc 134D.. Si nce .t he, V-shaped . .
©ronch TPl Al i imsing AT Rz g1 OF s Piaf wateial,an
mat er i altch 2B pHiterns, a&aewlﬁ%%rsmésﬁnia&@lafl ns 130 and not
in the V-shap edtrenc filling the V- shaped
tr ém@hnaeapammatmh@ ogatd@wgm @iéhqm@raé@f offestdeqpekgstand g verlying the
the gate fr
mat er i al’ n%BmﬁIgnal © 01}(1‘% lFar a%“rgq'? a tégldStﬁS r%ﬁwggtﬁlgand the

10anot her palfyglﬁﬁorsmb@ﬁglyent proceSS| ng. The rerml nder of
t he @roces& ng acts to produce the gates nay

cosyigediag thephyality of s trepchem atcleast s %lyslntﬂéb%mbsme to form a

publ i cafi Stk oo bty bRat paRRal Rk on he sidewalls of the
gat es f plhuaily affidesachtedjabuve thegplysdicap prateciatytitesdtsh stop
or approxi na

S Io er than that of
convent%iélé?ty‘@%de ﬁ‘rlr%at?r E F%G%V“%e

15 SUSHIGRE thObRirdi®y Uﬁﬁél%&l ti@l@hés' v@iﬁ{ 4 Bnaagianel | as
alternative forns and i npl ementations, specific

e n‘m@dq)\rmglﬁs spwemb@eml tg iowna ga}p Wemfto ezioplledgésrofithaepolysilicon

dr awi ngs av en d eta|I n. .. -
Howover P8 ok BT HOLRAGT ek Ba ok il R i pide matera
NOtenlatdihd @6 ghPby RendIaid the pbigsiliesHastenE g il e BGeMaterial and a
Rat her, the invention enconpasses all nodifications,

equi val epition ohHig oxideailipamajesial toaform agluplit ohsacard gespes and a
7o90f the d?ﬁ[g%bp&l %ﬂﬁrﬂﬁﬁd by the follow ng appended
n ega

cl ai ms elnr equi val ents. CLAI M5 What is

cl @kwrending tie plurality € t¢vodd atndheoinad the guigsatieso formea plurality of recessed
sem conduct 0(5 structure, conprising: formng a

pl ural i 8§Fe8Y iGedienghesnches t hr ough a plurality of

materials overlying a substrate, the plurality of

materials conprising a nitride material, an oxide

pillar 2at eri alhe naathat affclamolp winatear foatlm;ngarrdulality of first trenches

polysi l.ic e formng a mat er i
25 57 i SPGB ottt PYG R TaoPORIS SorfhesnflyShe the pluraity of
OV SHrdt YieRéhek B&mprising substantially vertical sidewalls in the polysilicon material, the

etch stop material, and the oxide pillar material.

3. The method of claim 1, wherein forming a plurality of first trenches
30  through a plurality of materials overlying a substrate comprises forming the plurality of

first trenches having a minimum feature size of F.



nitride material, the oxide pillar material, the etch
stop material, and the polysilicon material; extending

wao b@opksanml ity of first trenches2at | east partPEIl/Dy2009/045417
into the substrate to forma plurality of isolation
trenches, the spacer material remaining on the
sidewal s of the plurality of first trenches adj acent
to the %ol ysi lT}féQHetﬂ@t{@frdlﬁtnl Wl’l% 31% P Blat al on sidewalls
the oxide pillar material, anid th e nltrl e materi al;
filof ithegalm’ahtypif tirsh trremqheméommmeaterdumng thernvatitaofwhet flumality of first
fill ter renmovi ng the spacer material to forma
gaﬁr lf}? “to vertical edges of the polysilicon
material, the etch stop material, the oxide pillar

material, and the nitride materi aI enlarging the g
Sby r eV ng t Héepoithed ofickom Imahercimgxtending the plataity sﬁf%pt trenches

f d
F orricad pniRty el b Befia R ERET Eh i RS,
oxIcaﬁlﬁﬁsésluaﬂecutaﬂ@p@ﬁbmaﬁglppa%uﬂhwcﬁtthé substat&econd

trenches into the substrate to forma plurality of
recessed access device trenches 2. The nethod of

claim 1g wher g}
thr ough a pl urlg{% r{’é;ﬁ(gq‘ glelcl)%/éexrtﬁgdﬂrg thgb%{)ggﬂﬁét trenches
10 c 0 rit)feaﬂ partialip ﬁmﬂﬁgubdmetenb tﬁcrmi a piaradity éﬁ 1Ecﬂﬁt1dnrtf€lncllme$ompnses
nprising substantially vertlcal sidewall s in the
porf%rrmg e pTRk OF bsplaﬂ%t;er&herr BHRES P%raﬂlérrvemé%rlct%lls
oxide pillar material. 3. The nethod of claim1,
wherein formng a plurality of first trenches through
a plurallity ofTheathahoddfsclames, whierein extendirgt theiplarality of first trenches
ises formng the pluralit offrrttre .
hadt %@Stgama R el Yoot Bp ety Opuedertigios comprises
15¢| Fbrimin % thaRI St of ROBLBE trénchBABRind BivRTth 8f F/oN
sidewalTs of the plurality of first trenches conprises
reducing the width of the pl urallty of first trenches

to F/2. go- Th ne
the plur aI ity o}t‘e n%xqu% &{Crlaelrr? es at %r?%&ép@e???ﬁ?éggner in the
| niplurhlite o isbltioatrenches.f orm a plurality of isolation
trenches further conprises undercutting portions of an
upper surface of the substrate. 6. The nmethod of claim
1, whergin ext r qjg,ng :

20 at | east9 part |ﬁ{él%ar nct 5C)Factl‘%}eluls’u Hgtér{na?gaﬂgin&f% 1El)er%pa fidving the
pI pobisilicyn ohterigldndtthoeich step uta&mabmdmpm dfaheroxide pitler material to

v e %ﬁé?%@?%ﬂ%%%:%}d t(r)errllc}tlersea%g %?ura ?t\}é 'of 9xide It))l tarasrgztolm%nsés removing the

polysilicon material and the etch stop material and laterally etching the oxide pillar
material.
25
10. The method of claim 1, wherein extending the plurality of second
trenches into the substrate to form a plurality of recessed access device trenches comprises

forming the plurality of second trenches having substantially vertical sidewalls.



7. The method of claim®6, wherein extending the
plurality of first trenches at |east partially into

W b@osedst rate to forma plural i 2¥-of isol ati oPCT/US2009/045417

trenches conprises formng the plurality of isolation
trenches having a width of F/2. 8. The nethod of claim

1, further conprising depositing a liner in the

plurality of i Iﬂﬁﬂ] h idehhod 8 of d
claim 1,1Y'Wher elfh % en %ﬁ“ﬁ%ﬁ? ﬁg&laraegl %(g&rgg%v?ﬂg at?‘\ye0 seeon
poltrgscHes oo thestiestiagl to &orch 4 pleraditycdr re¢eogedrmatass deicearahches comprises
portion of the oxide pjllar material to for .

o1 a8 PP ol e eflareaad et it ity Bfqegssed access
Pi b AESHERAR | ses renoving the polysilicon materia

and the etch stop material and laterally etching the

Soxide pillar material. 10. The nethod of claiml1,

wher ei n_gxt endi,ng the r.al.i of second tr.enche .

o tndZaubet PRTRE R BrPhs TR RGe HEEEReEraty of

aC 68 Ssed QV¥desLddvicReh&fes GAINRY dafeSBate B4 A GerhRengdthe bRIrALIY of oxide
of second trenches having substantially vertica

si @8leed frem the sulpsteateret hod of clai m 1, wherei n extending

the plurality of second trenches into the substrate to
forma plurality of recessed access device trenches

10conpri s&3. usi ngsdnieorRiustodktidcyurefcompridiagpi | 1 ars as a
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hard nmask to formthe pJuraIi%&aof recessed ?chss
de¢iPbuality ehispleson renchegia aupHe. dic Ryalighof soralipp frepches
conpr | skl Mfkd\i Plitndhdray. Of recessed access
device trenches wth a gate nmaterial and renoving the
pl adiaki inyontctoxiitdibe filllrhaersal fr thanptunaity ubisolateretrentBes; And

sem conduct.or structure,. c rising: luraljity of .
S BIPLHT ¥ Of ISFOHLACEFH davich Rt e Febofity Gl fejesgpd access device
i sol at i gandh FMEhSSrafiiTtraRbdedlaboesé ddviRUrenthdd adjakdrt bo the liner and
material; a liner incontact with the fill material in

t he pl utedn eydafilliryedyipg thetsubsteates; and a plurality

of recessed access device trenches in the substrate,

each recessed access device trench of the plurality of

r ecessed4.acceshedemicofdict@rRabstateadjcdant, Whertin@adh reedssed access
and to an oxide pillar overlying the, substrate. _ 14. .
Théewenirensh @b regylurality of reawe%ﬁcq%d%% Frenchiss pseadinory dp the liner,
re%ﬁéﬁﬁﬁeéﬁﬁﬁ%ﬁdﬂﬁ%ﬁ&ﬁa&fenCh of.the plurallty of

recesse ccéss device trenches is adjacent to the

liner, one oxide pillar, and the substrate.

15.  The semiconductor substrate of claim 13, wherein a width of each recessed
access device trench of the plurality of recessed access device trenches comprises a width

of at least one gate formed in the substrate.

16. The semiconductor substrate of claim 13, wherein each recessed access

device trench of the plurality of recessed access device trenches comprises a width of F/2.

17. The semiconductor substrate of claim 13, wherein the oxide pillar

comprises a width of F/2.



15. The sem conductor substrate of claim 13, wherein a

wi dth of each recessed access device trench of the
w@bawpaldorty of recessed access dewgidce trenches PONPSi08€615417

a wdth of at |east one gate forned in the substrate.

16. The sem conductor substrate of claim 13, wherein

each recessed access device trench of the plurality of

recessedgqacc .

F 2. 1715000 T8 setbchl GRENEE £ ORI L2 Sl illof act

wh eecessr&dtab@sﬂdavdﬁ: trenth af the plﬂiﬁilﬂtﬁ&ﬁre@es%ddicbes@ﬂe\ﬁée?tr&ﬁhes and of
The conductor tructure of claim 13,

s . GasdLPPIEO0 s e the Py o Belaten H%‘%ﬁh%%het"fv‘ arioRe anele pgless than
: ﬁ%kﬁ%ﬁg?56§gﬁ§§&g_gccess devi ce trenches and of

eac on trench of the plurality of isolation
Strenches have a sl ope angle of |ess than apprOX|nater

5to th vert ca A.nmet hod of isolatin at es

> Sem cddductdrasd Bfg’ﬁ%lﬁ%ng TR P STRGONGUS 1S, comprising:
pl lfélﬂ’llh% ¥ pleaH‘tj' Bﬁﬁﬂsrlnﬂ sﬁlb’slﬂﬁ{er @Jcﬁ of B8RPty bPfins having a hard mask
pl ural i f1 ns having mask ‘material forned

on at opﬂa;tmraf foraed h@awsurfﬁ@frﬂwmgf a sacrificial

eri.al _over. formng a

or corating o el e ek bt itk BF Goiet rac o, “each

10f 1 femihg @pmbamf of fixst tidndheédlih the sbstfatd, SAchtfirfeRE$ of the plurality of
separatl each fin of the plurality of fins;

deposi t fiFg tranghies sepatatiag pagh fj ftﬂweplplrau%ﬂfuftn; of first
tr %gg&&ﬁﬁlg affﬁmXﬂe g iR iRy 1{1ﬂﬁﬂ& gff d& '&%n{(}{ek' material to

expose a-top sur ace of mat eri al ;
r enanovigg 4 pertisaof ihkifitl radterid teeipabe 4 wpfsorfaeaf] }Dlhdl[a?dl inayk material;

f d. t d t at | in th
o1 A8 S h e B L BN ABAFE RIS SErsBat | on
150" dbfiRifR St AbiAliy IR MIRATES Lind PR Liage of the

mat er i al . et hod of cl arm
vvh efmecp\nng @pmlng ofiths gcﬂemﬁatmaéto mbmthatop@uéacd dfehe hard mask
pluralit fins conprises conformally depositing a
| ow dep bn tenperature, |low density oxide materi al
havi ng inpurltles 2 1. The nmethod of claim19,
wherein formng a plurality of first trenches in the
substrag® co nﬁ%@s@@hqﬁ oficlainng, wherewderming eisadrifietd mafesial over the
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19demﬁt§bﬁidﬁ nikegres hivingingpuiities. material in the

21. The method of claim 19, wherein forming a plurality of first trenches in
the substrate comprises utilizing the sacrificial material over the plurality of fins as a hard

25  mask to form the plurality of first trenches.

22. The method of claim 19, wherein depositing a fill material in the
plurality of first trenches comprises depositing a high density, oxide material in the
plurality of first trenches.
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plurality of first trenches conprises depositing a
hi gh density, oxide material in the plurality of first

wWao e@pakses2 23. The nmet hod of clai@p19, wherei n PCT/US2009/045417
depositing a fill material in the plurality of first
trenches and renoving a portion of the fill materia
to expose a top surface of the hard mask nateri al
conpris for t 0 ' o1
ooy ons 2o ¢ el anaaft didkut 6, RheleRURbyRH: £ Hgerial n the
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adhggﬁquMQ eaghi fbmned the plurality of fins. 25. The
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trenches 26. The nethod of claim 25, further

cordiecerit tyeach fief theplumbtygdfiasmat eri al . 27. A met hod
of isolating gates in a sem conductor structure,
conprising: formng a plurality of fins in a

10substraps, eacktheahethdPofiblaimald, Wheein depositifpy patg niatdnar i the

mask material formed on a top surface thereof; farmng
a Pheplityof ﬁe&pn%@r@h%anddvepvmaé PBl"lﬁ’Pé’lf heygalrmateral; o expose the top

f org
s B IR e SRR HERE PRy bPBics ip e plurality of
pl seandttyendfesfins; filling the plurality of V-shaped
trenches with a gate oxide; and formng a gate
material over the plurality of fins. 28. The nethod of
15¢l ai m 296 wWhergeindREdd M 13|, Hirdkt édfn;ﬁ‘fsm\é'r%@ﬁﬁg the gate material.
trenches in the substrate conprises formng each
V-shaped trench of the plurality of VShaped trenches

separ at i,ng eac ur al

rothod 87°ch armmsddit iR RE RS 4 §riionthdRh sl dBmprising:
rratf@mla% a bluedlity befify id h@hbﬁmte@éachldﬂﬂqeqﬂmmyﬁﬁnexmﬁg APard mask
sidewal I s of the plurallty of fins.30. The nethod of

cl ai m 2matsgiéfasmad pp pliomyiepthgrekal ity of V- shaped
tr illing the
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filling the plurality of V-shaped trenches with a gate oxide; and

forming a gate material over the plurality of fins.

25
28. The method of claim 27, wherein forming a plurality of V-shaped
trenches in the substrate comprises forming each V-shaped trench of the plurality of V-
shaped trenches separating each fin of the plurality of fins.
30 29.  The method of claim 27, wherein removing the sacrificial material from the

plurality of fins comprises exposing sidewalls of the plurality of fins.



a substrate conprising a plurality of fins and a
plurality of V-shaped trenches, each Vshaped trench of

wo b@ophsonal ity of V-shaped treneBes separati ngPERTR2009/045417
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of the plurality of fins. 32. The sem conduct or
structure of claim 31, wherein the plurality of fins
conprises a plurality of silicon fins. 33. The

seni condyCt oThSinetol WE Slafh 2¢|V%df%1§ ﬁllnfg‘iﬁé ﬁlﬁfahty of V-shaped trenches
conprising a gate oxide int {ouralt of V-shaped
1y

erq evithregate @dde qdm@%esnﬁl@og dmlm\a tof b’cﬂ@p@d ‘winchescvih the gate oxide
d
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mate_rl al isin contact with sidewalls of the plurality
of fins 31. A semiconductor structure, comprising:
a substrate comprising a plurality of fins and a plurality of V-shaped trenches, each V-
shaped trench of the plurality of V-shaped trenches separating each fin of the

plurality of fins.

32.  The semiconductor structure of claim 31, wherein the plurality of fins

comprises a plurality of silicon fins.

33.  The semiconductor structure of claim 31, further comprising a gate oxide

in the plurality of V-shaped trenches.

34.  The semiconductor structure of claim 31, wherein the plurality of V-shaped
trenches are substantially filled with a gate oxide, and a gate material is in contact with

sidewalls of the plurality of fins.



