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BACKGROUND
Integrated circuit (“IC”) designers desire to increase the level of integration, or
density, of features within an IC by reducing the size of individual features and by
20  reducing the separation distance between adjacent features on a serniconductor substrate.
The continual reduction in feature sizes places ever-greater demands on techniques used to
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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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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25  device structures.

BRIEF DESCRIPTION OF DRAWINGS
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;



FIG 1 is a cross-sectional view of a conventional nenory device
structure; WD 2009/148912- 4 -PCT/ US2009/ 045417 FIGs. 2-9 are
cr oss- sectWORMP/14898\s of enbodi nents of séni conduct or EEFYSINYMSH1f
the present invention during various stages of fabrication;

FI Gs. 10-18 are cross-sectional views of enbodi nents of sem conductor
structures of the present invention during various stages of
fabrication; and S5FIGSs2-9k8 @dssacaionalossvsof emnbahmbnty obsamicofiductor structures
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fective gate

15 is formed in the semiconductor structure to increase the Lefreciive and the field gate oxide.
The features formed in the semiconductor structure may include, but are not limited to,
isolation regions, gates, or three-dimensional transistors. The features have a size of from
approximately 20 nm to approximately 60 nm.

The following description provides specific details, such as material types, etch

20  chemistries, and processing conditions, in order to provide a thorough description of
embodiments of the present invention. However, a person of ordinary skill in the art will
understand that the embodiments of the present invention may be practiced without
employing these specific details. Indeed, the embodiments of the present invention may
be practiced in conjunction with conventional fabrication techniques and etching

25  techniques employed in the industry. In addition, the description provided below does not
form a 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

30  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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a plurality of.@Rtes EhvendTai shRoh QbIBMe Bibtier 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  a base 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.e., in
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The oxide material 104
may be thermally grown on the substrate 102. By way of non-limiting example, the oxide

material 104-may have a thickness of approximately 33 A. Byway of non-limiting

example, the oxide material 104 is SiO; and is thermally grown on the substrate 102.

‘While oxide material 104 is illustrated in FIGs. 2-7, the presence of oxide material 104 is
20  optional. If present, the oxide material 104 may provide stress relief.

A nitride material 106 may be deposited on the oxide material 104. The nitride
material 106 may be any nitride that is capable of being deposited at a high temperature
including, but not limited to, silicon nitride (“SisN4”). By way of non-limiting example,
the nitride material 106 may be deposited at a thickness of approximately 150 A. Forming

25  the nitride material 106 on the oxide material 104, rather than on the substrate 102, may
enable the nitride material 106 to be easily removed. Since forming the nitride
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

30  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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stop material 110 may formed fromthe same or different materials.
A pol ysi | i conapresmaigly 2000 Argljpe pside gptssipk W4, mitide mafraialeh0eroxidegpilar

material 110. 0 b1 o8RO Pmatbi 1 P Phdrt Sk material 114
material 112 nngyen%g%géé%ﬂy 1]3 at a 1(5) %(neass o appr oxi mat em?/ E:%000
A 20 maybe formed on the substrate 102 by conventional techniques.

A photoresist material (not shown) may be deposited over the hard mask
material 114, patterned, and developed by conventional, photolithographic techniques. To
produce the pattern shown in FIG. 2, a reticle (not shown) having a corresponding pattern
may be produced and used to pattern the photoresist material, as known in the art. Since
25  photoresist materials and photolithographic techniques are known in the art, selecting,
depositing, patterning, and developing the photoresist material to produce the desired
pattern are not discussed 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
30  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



A hard mask material 114 may be deposited over the polysilicon
material 112. The hard mask material 114 may be a carbon-contai ni ng
mat eri al , VO @140t i c antirefl ective coaBi-ng ("DARC') PCHUSHIHYEIGm
antireflective coating ("BARC') material. By way of non-limting
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2009/ 148912- 8 theprfare ¥ B gF A @ggd?tﬁ'ih‘ﬁa% §‘R“Wﬁ‘f’8‘r°f1%‘i’§€€°ﬂi‘?,°t°€ﬁé“

pol ysilicon maf.ehiPdvedyide tHelEmAt: Sk bR RRbLO, & knbd&in thBertoxi de
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106, form ng fir st Atspessematenia 119 may be petomtaly depositasl ipigyhefistdregeh 116, as
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materials using a conventi‘ondl etch 5 process, such as a conventi onal
dry etch pBoceslysiliconcwrvirids, sushlas Gists.cthersppreometssal 189 meap b rovdermely

B
'k'lavi ng subst aByivadylof nvelifitg Iexﬁh}dg\m:l dpacet inAteriAls] 10 sy blad_.emjsiucd 4t héhitkmesn
RESUCIPEE A RO Y N T TR
approximately 150 A. The narrowed, first trench 116’ is illustrated in FIG. 3. By way of
25  non-limiting example, if the first trench 116 has a width of approximately 66 nm, the
width of the narrowed, first trench 116’ is reduced to approximately 33 nm after depositing
the spacer material 119 at a thickness of 16.5 nm. Conformal deposition of the spacer
material 119 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



10As such, portions of the oxide pillar material 108, etch stop
material 110, polysilicon material 112, and hard mask material 114
remai ni ng VHO 2O/ 4R et ch process may have9subst ant i al | YCLERRPYYP417
sidewalls. A single dry etch chem stry may be used to transfer the
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116" nmay he eéi&ﬁﬁi@%o!h‘ﬁbﬂﬂxla@regﬁ)ﬁi 132pir€ foehedianiie ﬁrawemylmf (see FIG. 8). As
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112, the etch 1lﬁfs£?ﬁedﬁts§15§e§ﬁenﬂ-é&w1nrg§1ﬁ)r SiipHeity) tel vaferbitify hay} belid&entang
the nitri gg\ n%}sglgs;z?dl in ]rhore detail below, this undercutting of the substrate 102 may desirably
prevent the formation of slivers of silicon between first trench 116" (isolation trenches)
and second trench 122’ (recessed access device or “RAD?” trenches) during 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
30  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.
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with an inpurity, such as boron, formn gall \r,/(ytrencg i sol ation
("STI") régi ohsunganpleof hesprsaumatsrial h gpg:g tom RoYySHison, the spacer

material 119 may be etched using a solution of tetramethylammonium hydroxide
(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

30  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)



regions 132 shown in FIG 8). The doping may be conducted in
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h t. et chant
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material 108 god El%aﬁt jﬂegl%vm%rmﬁénakoﬁmeﬁﬁmﬁ IRkt s@maaﬂacﬁ%hthe
122 and oxide pillar as shown in FIG The second trench 122

may be foRfred omde piler r@xtm@ 188 pdethe pigridermai¢rial PP ralatvedte theekedystopapaterial 110

into the may be introduced into the gap created by removing the spacer material 119. The wet

etchant may undercut the oxide pillar material 108 and the nitride material 106 while the
etch stop material 110 remains substantially intact, as indicated by the dashed lines around
oxide pillar 124B. After removing the etch stop material 110, the second trench 122 and

25  oxide pillar 124 may be substantially as shown in FIG. 6. Alternatively, a dry etchant may
be used to enlarge the gap created by removing the spacer material 119.

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
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sidewalls and a bottom honzontal surface of the second trench 122'. The second
trench 122" may be filled with the gate material 128, such as titanium nitride. Portions of
the gate material 128 overlying the liner 118, the fill material 120, and the oxide

25  pillar 124" may be removed, such as by CMP or other conventional technique, In addition,
a portion of the gate material 128 remaining in the second trenches 122" may be removed,
recessing the gate material 128 below 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

30  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.



material 128. Since the oxide pillar 124 has substantially vertical
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the gate material 128 may_be conducied as, described.above, various
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shown in FIG 7. WOw909hdABHLAS exladpld)Bit-sSAROM QAP dlubture 134A mhijebe used
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r emai ni ng 28vein @ MEMEYisYicahayngdyo galys b PUSHY B AOSHEE LY IRy | s gates 129
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prevent oxidation, producing sem conductor structure 134A as shown in
FIG 8. The oxotigioppitiaregivasi32. Matalirepsal inglation betweepazates AP igprayided by the
material 104 5 b 0, ] ' gnm t he
seni conduct or "8u 1)sg ?’gflée%g@ﬁi%s %%16 @%BE‘%E%H@%@&%@%%{%%}\ ﬁ%%or
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the formation of nenory devices is | . . )

the gates 129 are isolated and shorting between adjacent gates 129 is substantially reduced

or eliminated. Similar methodology to that described above may also be used in

additional applications. By way of non-limiting example, the semiconductor

30  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



10 known in the art, the further processing is not described in
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formed usi2Ag &KectpRét GIAR heghhiphycraestme axpilapbetra diedise frendind 6 and the
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provi des additional stability to sem conductor structures forne
during the prdt@skbitbe dasbed lirtes), fhiefisst r@arhHd ¢'bandl the sgeonddreneh 12nmay overlap

contrast, fin roduced t he. pro Crel ! it
oot ent No. 7 QuBhE RS e RERRAGD, AR SIr Gt il Mlkidihebth B2
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be less structurall.y, stable. Addi.tionally, th te materi al 8 may
be deposi &d 1ench Gﬁe@ﬁtf?l}?bfﬁ%ﬁ@%do\”ﬁ“ ﬁ(@a@%&gﬁ%g peaised lég’dewall
protection is ré’sﬁécti%lsld dszRelvn AIGNE iesea pbiien BEthe 511 3xBrialn 20iahdigdte Si de
of a particular fin 130 may be effectiver isolated. In addition, the

reticle used tmeptsrigh &inegaspedive tercheheverBseri al s overlying t he
substrate 102 may RBe, b, embodiment, improved physical isolation between gates 129 of

semiconductor structure 134B (see FIG. 18) is achieved by extending the Legecive 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



15sane reticle used in the processes described in United States
Patent No. 7,098,105 and United States Patent Application Publication
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to conduct the process described above. An addi tional advantage
of the above-nentioned process is that the process may prevent sliver
formation between the first trench 116" (isolation trench) and the
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phot ol i t hogr aphy . or. sking act, which provjdes significant cost .
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- PCI M52009/ 045417, _FI G 18), a _substrate 102 having a hard mask

material 114 &wal}idend subsppel 0% prodyeles spatiepeoidingsandapases ryinggguale
provided, as Wi&tﬂ§ﬁlg€é s%lig%t{aﬂa @Z.GBva%y of Bén-hidiidle @%ﬁalé{%&fd&:@ha}%e A&Mdth

be a nitride, such 31\ 14, and may be deposited on the substrate
102 by codAdenof BraF/2t dbtlitaywéthe pTtem may SHrmvdink [3hindhg substrate]l OZa Theyéins 130

formed over t %ﬁ&lﬁbﬁoﬁ]@%%@g\ﬁﬁ?%@%ﬂ%@éﬂ R U ARELHAYES: TAS fins 130 may

phot oresi st ma &t a
be created using a conventional dry etch chemistry, such as a hydrogen bromide (“HBr)-

based chemistry.
As shown in FIG. 12, a sacrificial material 170 may be conformally deposited over
20  the fins 130. Before depositing the sacrificial material 170, a sacrificial oxide
material 174 may, optionally, be conformally deposited over the fins 130. If present, the
sacrificial oxide material 174 may provide an improved interface between the
substrate 102 and the sacrificial material 170. The sacrificial material 170 may be
deposited by ALD or other conformal deposition technique. The material used as the
25  sacrificial material 170 may be selected based on its etch characteristics relative to the etch
characteristics of other exposed materials, such as exposed oxide materials. The
sacrificial material 170 may be selectively etchable relative 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
30  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
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relative to ot expose herein, a materi al
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| east appr oxi nat el tines ea at., of h
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anot her mat eriﬁg y exposed to the sanme etch chem stry. The sacrificial
material 170 be a I ow cost, low quality material having the

desired etch sel ectrhyideMficial material 170 may protect sidewalls of the fins 130, provide
20  self-alignment, and function as a hard mask during subsequent etch of the substrate 102.

As illustrated in FIG. 13, the sacrificial material 170 may be used as a hard mask to etch a
first trench 116 (or isolation trench) in the substrate 102. The first trench 116 may be
formed between adjacent fins 130, separating the fins 130. To form the first trench 116,
the sacrificial material 170, sacrificial oxide material 174 (if present), and substrate 102
25  may be etched using a conventional dry plasma etch, such as an HBr/Cl, plasma etch or a
fluorocarbon plasma etch. Alternatively, the sacrificial material 170 and the sacrificial
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
30 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
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(see FI G 18) efchrehamistoreratvet sigh §hqna§te’ selpptiverfpithe aﬂgfiﬁm@lrm%tﬁ'@l 17¢ @%atwe fo
trench 116 may, g rgﬁ r?a(ftlféialﬁyﬂl@h#g Fn%ﬁ&g&fen'ﬁ e n Q"ucﬁ ktl'u%| i1l i I‘lgﬁ 28 the

and may be achl eve y appropriate J usting t e etc con tions,
as known in t tiest &rerich 1\ imiap reniein Wamiaﬂgm&acetmmwmmmymapmmmns of

the subst H§ te sglgc%vfg] flor hrt]a%acsrl 101a|l ma enaé‘lI 176?&:12%1 ?cln th% %ﬂ ’ma\{eef\‘lrai .iﬁ)ac!f greater than
approximately 20:1, such as greater than approximately 100:1. By way of non-limiting
example, a dilute solution of HF may be used to selectively remove the sacrificial
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

30  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



WO 2009/ 148912- 17- PCT/ US20091045417 portions of the sacrificial
material 170 may remain on the sidewalls of the fins 130, as shown in
FIG 13. A&'O&@‘E’)é/'r‘?%éd bel ow, the sacrificil&r material FEHUSRHPIBEHT
renoved during subsequent processing to formsecond trench 122. The
first trench 116 may be filled with fill material 120, as shown in
FIG 14. The 5fill material 120 may al so extend above the fins 130.
The fill mat erpostionif Ghergale nivterial Hh8dxéending ebavanden wrfatranfithedfilmateal dAQ may

etch characternj.sili t cid [l G - ef | . 1 he
sacrifici al rraﬂtezéljlﬂg‘fediggﬂmn%{;ﬁb%ésfeq’ éli?? {ll@j]eg %ﬁ%@éh@%or?s %'?a | vséﬁ%liﬁ)il?%e
fill material ghf® 1294 ifdldtion wride ragidns 120 The\pohienaf the ghte ragdrial W28 nydie
density, oxide material including, but not limited to, TECS. As used
horei .t he t PPVt RoRHsENarE oot Suahes B CP i fafraaiedeiap snfagy of i
subst anti alsl y HafdBBas®imdidRUT 14 ITRS gatBYnawadl 8 oty be lfintict JeBBsPta BRbsred HERN
fill material 120 may be TECS deposited by the Applied Producer High
Aspect Ratio MsiHgasenveniigirbwst etofyor dry ofch reenese dp sspiing gasss 2B mayfeom

Applied Materi : gfg}lﬁ ' by .
deposi ted at e‘f’%ﬁgﬁgr t%ﬁ%@g%?e t eg@@g%&%ﬁé@@ﬁe?@s&a@%;{? i{’eﬁTVb?f
15As shown i n t g8tes 139 farimed 45 dekeribad alravamag e apragrimeatelyldenrapprexithately Ut h
as by CWP, to.expose er. surface 176 aof the har sk | al
10 s ¢ DS REEr APRST aBERRE S, Phe R Rlston PR S e
pl anari zatiDon suiyctal 15 addigsmlpropssihg Bsodike thadesigd trichiogy delvicamSwhi al

170 overlying the hard mask material 114. The sacrificjal mater]jal
170 and sacri ﬁ%?ﬁfngd&mmggﬂ’@&ﬂﬁe e {Sﬁ%@éﬁﬂbfcfl incls LR &y wa of
sidewal I's of thBg it ckdfpleBie £ohiQMIS@bQGhENMRI13418 81X Ve Gsed 104 BAnidcene
second trench 122 (or RAD trench) adjacent to the fins 130, as shown
in FIG 16. THESHe Dappicens Pareses pip knowp imihy atbhand.dbgsefarg, 48 nefglissusged/in
etch chem str ] . | f : L LG
macori al 170 P Aol DuRhg e IR o R Yot R R oAb
mat eri al 134. oper thaudihs, 130 ay b kdmaved.et which peipt the sanfieoriigtent strugtaredR 48 1y
may remain su i | t.. The et chem sti,y,my have a

25sel ecti vi ty%?%&@{aﬂ@lﬂ é%epﬁ%aﬁgq %1? Scnn%alf%lrd?l%i)r ga'“?eell%?i ve to the fill
material 120 of gr &ageeandiikaembgdiment) ivgt@ley pAGich] issluiidn tasvegh gattsfot han
approximately 100:1. By way of non-limting exanple, .a dilute
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material 170. nl'd@\bﬁ‘dﬁﬁeve@bf‘ﬁmﬁigmv%hdp@@&lancﬂtlgh(s@@Bm.Spjih@&e s0Bstiafed 0b hAas
desired selectivity may al so be used. By utilizing the difference in

et ch char &8t eFedy {1E Serpoe aRbiteld satc @8ds plthegaigs may bencreased. The isolation
between the gates may be achieved without utilizing a second photolithography or

masking act, which provides significant cost savings to the process. In addition, self-
aligned features may also be formed. In this embodiment, the fins 130 may be formed in
the substrate 102, and the sacrificial oxide material 174 (if present) and the sacrificial

25  material 170 conformally deposited over the fins 130, as previously described and
illustrated in FIGs. 10-12. The sacrificial material 170 may be used as a hard mask to
form the V-shaped trench 184 in the substrate 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

30  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 HB1/Cl, plasma etch or a fluorocarbon plasma

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



30material 170 and the fill material 120, the fill material 120 may

remain in the first trench 116 while the sacrificial material 170 is
renoved. e oxide may be grown in the se
d. WO o' oxide 126 may be grodn in the selSAASTHARENTI22

and a gate material 128 deposited over the gate oxide 126 by
conventional techniques, as showmn in FIG 17. A WD 2009/148912- 18

- PCT/ US2009/ 045417 portion of the gate material 128 extendi ng above a
top surface ofpresset) may pe efehedspparatdy Gomele subsiraieelfB\neing conyentipaliiry plasma

FIG 18, dugi ' . ; i .
ol atton ow G188 WA GEQCHALRImAbLAT) WelahiEtvorNE Rk BB5ER0MT PRE 19
b d by ashavientoundedicomeshhe cpreas ofthe sncaScidymABivR)] 1 Tomaypoygeart,lae
tgprglrjr?:‘/:ce gfastzvgng\ har.dcolaraﬁJé n;t ré?a{z ?4,? él':ﬁeyn%te t rli I %
o bo 1 art oD e SPialige Reshiver of e VARG Tone 1w G,
etch or dry ethiupsDsapstoliAethe esh béndtngak ReowkQ e, Arhef freefchvel y

I sol ated from one, anot her by the isol ation oxide I‘g%l ons 132, Th%
' effective ofchemistryflogs temporafuss pratsutesbign StorepEHon ISR AG 2. The depth

appr oxi mat el y ¢ Qry. SRpEPYIRRY § YapPddpeh®Bsn he RGTe e forhBatn B v-shaped
conventional gates. The sem conductor structure 134B may be

10subj ect ed t dreadhd] 8iand ah regnineresits fagphysicglydsnidmgighies awed om theregicy
devi ce. Such ' i ' f.ar '
Goscr i bed i AERP B Rl W Br b0 Bhbed B AT bl Bectq oy Mherson

sem condudbor of brdiratuskél hI3kBartmy niegy be acideted by aplaopitdnaijtiog e stch
Danmascene proces(ges arﬁaknown in the art, and, therefore, are not
di scussed in &ERHFGPSHASKEPWR G ¥hg t he subsequent processing, the

hard mask material AREAFR ittt Vighabad QM&h 1848hd dabisficlal thatsry! 176 ahétieved,
at which point the sem conduyctor structure 134B may be substantially

dent i cal to SHETShPEUBYET 74 (i metnn @ay 43 femoved, as shoynaF Gy Hapsing
embodi ment, | ERERYRGIMRE 80, THRO! AhleRils RRY YERMIET BiScohiiosdl BRliques,

formed fromgate material 128 of sem conductor structure 134D (seg .
FIG 21) day Isechasihy esinga By etchraemigtraona wiigbhemising belertye fos the sgrifeial
19) in the su . Ji.eh d €

oxi de of the 8‘%‘%‘@ ?a‘);’g%‘é"ﬁé“r% gg%g%?e Lﬁ]ggmcll-@gfa%tﬁ itﬂ%)aﬁk %gglﬁlgelelﬁht Nﬁg?gg?a gd
may be achi evesinehi 18Handy sultsetpueniiynbe fllslenwhds phivgdt oxibo Hoafnmingr
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embodi ment, t Bigapkd tisnch3Q4,¥paced £7d 2twidd thefins 130 may remain substantially free of the
20  gate oxide 126. Gate material 128 may then be conformally deposited over the fins 130,
as shown in FIG. 21. An additional sacrificial material 180 may be formed over the gate
material 128, forming semiconductor structure 134D. Since the V-shaped trench 184 is
filled with the gate oxide 126, the gate material 128 may be formed over the fins 130 and
not in the V-shaped trench 184. By filling the V-shaped trench 184 with the gate
25  oxide 126 before depositing the gate material 128, gates formed from the gate
material 128 may be effectively isolated from one another after subsequent processing.
The 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 Legrcive of the gates formed as described above may be
30  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



the substrate 102, and the sacrificial oxide material 174 (if
present) and the sacrificial 25materi al lég conformal |y deposited
over the fYREPINIL previously describéd“and illustr A SR
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 V-shaped trench 184 may have substantially sl oped

si dewal | s. | n wderstpedthat theyimvention is no imied to 1 nedicslar prebrdimeniedisplesed.
shown in FIG ] Lahl -1 ' : :
R B e e R
170, the sacr iviihin ke saopk dEtheitventionlas défihed by thefalkaving sppamitd clagns and their
substrate 102 usin .a, conventional dry plasma etch, such as a HBr/Cl2
pl asma et ch or®® $9UHBI%%ar bon plasma etch. Alternatively, the
sacrificials material 170 and the sacrificial oxide material 174 (if
WO 2009/ 148912- 19- PCT/ US2009/ 045417 present) may be etched
separately fromthe substrate 102 using conventional dry plasm
etches. Wiile the sacrificial material 170 renmai 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 nentioned. The
so-cal l ed "V-shape" of the V-shaped trench 184 nmay be 5produced by
controlling the etch conditions, as known in the art, such as the
etch chem stry, flow, tenperature pressure, bias, or orientation of

t he substrate 102. The depth of the V-shaped trench 184 nmay depend on
the feature to be fornmed in the V-shaped trench 184 and on
requirenents for physically isolating gates formed fromthe gate
material 128. The desired depth of the V-shaped trench 184 nmay be

sel ected by a person 10 of ordinary skill in the art and may be
achi eved by appropriately adjusting the etch conditions, as known in
the art. After form ng the V-shaped trench 184, the sacrificial

material 170 and the sacrificial oxide material 174 (if present) may
be removed, as shown in FIG 20, exposing sidewalls of the fins 130.
These materials may be renoved by conventional techniques, 15such as
by using a dry etch chem stry or a wet etch chem stry sel ective for
t he sacrificial



material 170 relative to the substrate 102 and the hard mask materi al
114. The V-shaped trench 184 may subsegjently be filled, such as with
gate oxide 126, form ng seniconductor -&lructure 134C. Wile the gate
oxi de 126 may substantially fill the V-shaped trench 184, spaces 178
between the fins 130 may renain substantially free of the 20 gate

oxi de 126. Gate material 128 may then be conformally deposited over
the fins 130, as shown in FIG 21. An additional sacrificial material
180 may be formed .over the gate material 128, form ng sem conductor
structure 1893518 SHIREDIS; he V- shaped trench 184 is filled with the gate
oxi de 126, the gate material 128 may be forned over the fins 130 and
not in the V-shaped trench 184. By filling the V-shaped trench 184
with the gate 2% oxi dé metbdydfisptating epessi g iseigicerdoctgnttmctoee eompadsing28,

gates for - j f.ectively isplated
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pr ocezsi ng act stheplupalibplofreatérivds c@aipﬁsingaﬁ:sbﬂtrm@ﬁtﬁmiaedn asdelsiarmdeanl,i n
United States Patent No. 7,098,105 and United Sfates Patent
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detail herein. Mef@daler, it should be WO 2009/148912- 20
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enconpasses al | ofisathtibh eradches) the spaper matk) kdnairdngoredh sidaedlls bethe Rkl g
within the scop f the inyention as defined by the follow n .
appended cl ai ns‘%zﬁl)iﬁ t’leﬁcgliesradpaé’ﬁ%ﬂto &'&@Pb’ﬁﬁ%"%@te {ﬂWFé‘fh stop rgqtg?aﬁ,é]be gxide
1. A method of ispdratdidal, gd @8 nitideAnA@H ,conduct or structure,
conprising:; formng a plurality of first trenches through a plurality

of mat eri afildinghepyaliyobisdlafipsiticaehes witha filmatasialit y of nmaterial s
conpri si ng i b Lok ] . ial i kA3l Lial:y: . an
GLCh b op iemcein e ek RIS R gop Mol (3R fes FRE Db Rostod”
surface of the mpateriah|the gichodtorf matetialttheemidegsllar magdoiely endathe vipplermatarial;ace

of the sub e f ] . ce terial. on,sid s of. th

ol urar ity SReBhEte o B AR TROF st e Rl Bondrelinlte e
oxi de pillar mnegloetionalf thetohide pillahmateigl torRi@niphiralitaotketdnd tRedHES hddiacon
mat eri al ; . ce

plurality of oxide pillars;
extending the plurality of second trenches into the substrate to form a plurality of recessed
access device trenches; and
removing portions of the fill material to create an upper surface of the fill material that is

substantially coplanar with an upper surface of the oxide pillars.

2. The method of claim 1, wherein forming a plurality of first trenches
through a plurality of materials overlying a substrate comprises producing the pluratity of
first trenches comprising substantially vertical sidewalls in the polysilicon material, the etch

stop material, and the oxide pillar material.



extending the plurality of first trenches at |east partially into the
substrate to forma plurality of isolatjon trenches, the spacer
material remaining on the sidewalls of* %2te plurality of first
trenches adjacent to the polysilicon material, the etch stop
material, the oxide pi I: . 1 IR rlal ;
filling the pl uPal | tylﬂc}% ﬁ{eglgﬁgﬁ%ﬁ{ Ii’r"‘g’%%ﬁleﬁé‘%%lé %plggﬁpﬁqiﬁeﬁ%lt‘%h &
removi ng t Herosgiecgnratigytod matekials ovérhying ssubapteadingdes forintngie pluttity of dges
of the polysili cpn. . mat er. Ié .the etch stop material, the oxide
pi | lar rmat &¥rees haying 4 pinippep fafie sizg oiFi al . enl arging the gap by
removing the polysilicon material and the etch stop material and a
portion of the oxide pillar material to forma plurality of second
trenches and a i ur al Thgmgthodef damyl, whepein; formingneaery matesialn sidewatlsofof
second trer\u_p;;ﬂ;;@r i : : : ' .

access device t ra %tggﬁg%b@%n%&r%gﬁg@/%ﬁg&%%%%&%w@%gﬁ%ﬁlﬁ{o@g@gﬁ?@ “to
create an tphér surface of the fill material that is substantially
coplanar with an upper surface of the oxide pillars. 2. The nethod of
claiml, wherein formng a plurality of first trenches through a
plurality of maf.eri al Thomethbyoftpim 15 whatinakendQRe pREStITIE Gefted di€
plurality of firs treﬁch@s corrpgi Si nlg substantially vertical .

si dewal | s TSASHPREEDGINRTE SHosHaAtEe: larm & pruryihenfdsoltion wreiehescfgher spmprisesy
the oxide RhderditingRoRIohbE an uppedurface of the Jubsttite Net hod of claim 1,
wherein formng a plurality of first trenches through a plurality of
materials overlying a substrate conprises formng the plurality of
first trenches havin L AR5 at S : od
of claiml, wheérf!ei n %?errlﬁ%ltgé a spafélﬂéeeif"wdrrlr%‘tﬂgF=3 %tgrfﬂ(%ntﬁ%? IHrealv%qu%g r%ﬂ Sl%cﬁgstﬁ
plurality thstpattigily intothe hbstratotwfoins 2 piurabigud isehptiohieenchektdompfises fi@ming
plurality of first t.renches to F/2. . 5. The thqd of claim1,
wher ei n ex gﬁiﬂr?%y ﬁ%ﬁ%}c’a&rﬂﬂﬁﬁ%ﬁm&ﬁ“P%?nu?Eye‘f?gﬁé]ssq%w Bast partially
into the substrate to forma plurality of isolation trenches further

conpri ses undergcutti ortions. of an upper surface of the substrate.
P f r“ﬂ'leenethodo cla?m 6, whergxﬁ) extend?ng the plurality of first trenches at

least partially into the substrate to form a plurality of isolation trenches comprises forming

the plurality of isolation trenches having a width of F/2.

8. The method of claim 1, forther comprising depositing a liner in the

plurality of isolation trenches.

9. The method of claim 1, wherein enlarging the gap by removing the
polysilicon material and the etch stop material and a portion of the oxide pillar material to
form a plurality of second trenches and a plurality of oxide pillars comprises removing the

polysilicon material and the etch stop material and laterally etching the oxide pillar material.

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,



6. The nethod of claim1l, wherein extending the plurality of first
trenches at |least partially into the substrate to forma plurality of
i solation trenches conprises formng t*r?é’"pl urality of isolation
trenches having substantially vertical sidewalls 7. hThe met hod
of claim®6, whergin e ' kt . flrst Lrenches at
| east partially 1ief'nt ot gg%t}@gto ?Q %{3{%&& h?%eﬁnm&ée%%’ln lrﬂ{flphl{’}l%f’ Sleg%dgltcflgﬁs
trenches cdnjorthesmbstfate toiforg a preralityof seoessed antess d@ﬁc&;ﬂe@cﬁhﬁt termgResushigthag
a wdth of E/2. .. .8 Th th f claim urther conpri.sing
Geposi ¢ 1 ng BtreForide pfivs i1 i ek oo BbTebly of Rersorieasces Bevice g
The met hod w@hegkai m 1, wherein enlarging the gap by renoving the
polysilicon material and the etch stop material and a portion of the
oxide pillar material to forma plurality of second trenches and a
lurality of oxijde pi i i ] bl
Ironatt erial and thég'etchhisl?g%ﬂlﬁrggglé aels’an g?%o%rgggﬁh?gl@g?ﬁﬁdgﬁﬁggf%%sséi
pi | | ar mat ectess device trenchey ith T gate metehaldind fenmiviigrthelpluralitg € dxidepitlans fiomg
t he plural i,f eysuggtr‘,ﬁﬁeecond trenches into the substrate to forma
plurality of recessed access device trenches conprises formng the
plurality of second trenches having substantially vertical sidewalls.
- 23 - 11. . The t hod O‘I claim1, Wner,eir] extendi ng the .
plurality of seddnd tAeHRirge Hcf?féh‘ltoﬁge,éfalﬁg{l%-e_ to forma plurality
of recessed AGARS &F SI¥idR8rehBREFNEHLAR fh'e%%ali‘t&i%f‘?ﬂalénﬂﬁ tBhdRESubEnt@ily
oxide pillars as_a hard mask to formthe plurality of recessed access
devi ce trenchesfilled with a fll mgdali@ndhod of claim 1, further conprising
filling th ' : i t ' te
mater i ol and rap ks sl ERRIROARERTE el ERRDAS e Bk
substrate. trér@h ofithe phviraditynafiredessed 3¢aesscdeuilcetrermmmmdlmiixrg;] lirger in contact
lurality of isglati trench i.n sybst r.at he.pl.uraljty of.
Psol ati o% t rencﬁ%@%%&%ﬁ#%ﬁﬁ@p]ﬁaﬁyﬁ. lﬁaflﬂn gé’ﬁ‘?st thﬁh{:gre#gp%/m%%gheé
plurality of r emas&e@llamﬁbv;mﬁ}ﬂ}&%ﬂﬁrﬁlfmﬁhii@@aﬁdﬁ tifehﬁle&@ﬁlﬁﬁﬂé@ﬁt?ofeaCh
recessed access device trench of the plurality of, recessed access
device trenc hesreF‘ﬁ&qdlfﬁ?qﬁb&a‘(mFi“ﬁ’é‘?he? slizcemitia @ ofide pillarRyerlyipg thegsebstratg
of the plurality of isolation trenches, the liner extending higher
than the fill material within the plurality of isolation trenches,
the plurality of4receBisgmigendustor sayetams of eleine hb svhaiginseenecassedanceski de

pillar ove I : 4 ] rp.Structure
b ol ai m 13 Keant G BUSRLAGHFrocoed scedd ao A ARG B i e
plurality ofid¢plaszaldhasbgsse. devi ce trenches is adjacent to the
liner, one oxide pillar, and the substrate.

15.  The semiconductor structure 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 structure 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 structure of claim 13, wherein the oxide pillar

comprises a width of F/2.



15. The sem conductor structure of claim 13, wherein a width of each
recessed access device trench of the plztirality of recessed access

device trenches conprises a width of at“least one gate forned in the
substrate. 16. The sem conductor structure of claim 13, wherein

each recessed aqgesSRedhfRahlERStudlre %ﬂ&&g?ll I‘é; grhérléi}{ sﬁ&wz{ll%%? Erzﬁtgqecessed

access device trenches conprises a wd :
sem conductaseessdevinstigneh aftheqihublity o Brecaskadragtass ddvie driaies quidlolf each isolation

i id fE2. o-24- 12 T i foo
clarm 15, mevE <t uBiger Bl BT R S S eSS o
t he pl ural ith theatrticsicessed access device trenches and of each

isolation trench of the plurality of isolation trenches have a sl ope
angl e of less than approximately 5 to the vertical. 19. A et hod

of isolating gayes iR nRiHANEEORGLLRS S EAGEINESotorGRIREE SoBRrisiher M ng
a plurality of fins in a substrate, each of the plurality of fins
havi ng a hdemnivesRusstityaifin infasubairdteosncl of thppleratityad g hpyvirgarhard maski ng

a sacrificial n&%féﬁ%lg{érﬁgﬁ\q%haﬁﬁeﬁu%wtﬁ r&%fy of fins; formng a

plurality of firs es i substtate, each first trench of
t he pl ur al iftryning a facriSdial twateniehesr the phradity offinsach fin of the plurality

of fins; depositi fil.l teri.al, i he plurality, of first.
t renches; %@9‘“&&%’8; %ifsf)ﬁgnﬁ S¢H efs]r,lltrs?:l'a%%gl? {hﬁ{ 'Iet“gh%épﬁ rahtytogﬁm
surface of the hefcHes¥BsdtatitiglefdhifRl of tHeguitpef filxe sacrificial materi al

to forma pl ur_a_lité of second trenches; depositing a gate material in
the pl ural 9eBpsing & 8l graterial BAkgRlwality ebfisblignehssy a portion of the gate

materi al ! QARSI drAR HHILARE Phpbie PRI RIChA R nalEL

that a top surface of the gate material, top surface o
mask mat er reamovingtbe spoviigial satdriaklie ferm a pleratiiy|df sepandirénghesf or m a

subst anti al & I : . od of claim 19,
wherein ford !Fﬁv‘Jﬁlg‘ga%%grﬂ{a@%‘é?’%%&F%lFY g{seé@&rﬁzp ﬁlg%gr ality of fins
conpri ses cadvireragioktjondd lehteintaterial fo@npate fedop suofacd of thedmat mask mdtaial
density oxide material havi.ng Lnpurities. 1. The t hod of
Chat m 39, whor G FBFhoR g B e fraRal e top spiss hlBE HEH oy
substrat e conpringesal tndlaitd SheFade v 1T thhtki6d] Frm HBuBStAntib] 100685 adal Surface.
plurality of fins as a hard mask to formthe plurality of first

trenches.
20. The method of claim 19, wherein forming a sacrificial material over the

plurality of fins comprises conformally depositing a low deposition temperature, low

density oxide material having impurities.

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

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.



22. The nmethod of claim 19, wherein depositing a fill material in the
plurality of first trenches conprises positing a high density,
oxide material in the plurality of first trenches. -25- 23.
The nethod of claim 19, wherein depositing a fill material in the
plurality of fi hgt tr %Qnﬁ&o?gficl&ﬁlrﬁ@vh'ﬂ& it d sf‘tfng'a ﬁﬂfmattg}ﬁ 1fn'tlllé luralit
material to expose a top surface of i Rar mat er | a rﬁ) 3ds
formng a pdfu‘imtrbltohescﬁndir@mdwmg agrortinn of éherfdlghaesal icnextpbse apd)pﬂuaihcetqf ﬂm‘

the sacr 1 B aPehamarieLfomeoR P HhEPLR R ylston elGrsBpRun ettty

conpri ses foffmt fighchére plurality of second trenches adjacent to each
fin of the plurality of fins. 25. The nethod of claim 19,
wherein depositing a gate nmaterial in the plurality of second

trenches and respvi NgThe REmba Hftidh lbh@hﬁé}h?erﬁﬁiﬁxf‘g;t}l@éacﬁﬁhﬁ%ﬁ%ﬁl t¥6m

top surface of the hard mask material conprises formn lurality
of gates i nplihditpbireatrditiendfes swamises ormeing hegplurality of semd tr?h@esmhamnt tof

cl ai m 25, ela"c,rl{[r}iheéftﬁeoﬁpxraht?'o?ﬂn{ ecessing the gate materi al .

25. The method of claim 19, wherein depositing a gate material in the plurality
of second trenches and removing a portion of the gate material to expose the top surface of
the hard mask material comprises forming a plurality of gates in the plurality of second

trenches.

26. The method of claim 25, further comprising recessing the gate material.



