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SYSTEMS AND DEVICES INCLUDING FIN TRANSISTORS
AND METHODS OF USING, MAKING, AND OPERATING THE
SAME

Field of Invention

[0001] Embodiments of the present invention relate generally to electronic devices and,

more specifically, in certain embodiments, to fin transistors.

Description of Related Art

[0002] Fin field-effect transistors (finFETS) are often built around a fin (e.g., a tall, thin
semiconductive member) extending generally perpendicularly from a substrate. Typically, a
gate traverses the fin by conformally running up one side of the fin, over the top, and down the
other side of the fin. In some instances, the gate is disposed against the sides of the fin and
does not extend over the top. Generally, a source and a drain are located on opposite sides of
the gate near the ends of the fin. In operation, a current through the fin between the source and

drain is controlled by selectively energizing the gate.

[0003] Some finFETs include gates formed with a sidewall-spacer process. In some
versions of this process, the gates are formed by covering a fin with a conformal, conductive
film and, then, anisotropically etching the conductive film. During the etch, the conductive

material is removed faster from the horizontal surfaces than from the vertical surfaces. Asa

result, a portion of the conductive material remains against the vertical sidewalls of the fins.
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stringers that short adjacent finFETs and lower yields.

BRIEF DESCRIPTION OF DRAWINGS

[0005] FIGS. 1-22 are cross-sectional views of a substrate during sequential stages of a

manufacturing process in accordance with an embodiment of the present technique.

DETAILED DESCRIPTION

[0006] The problems discussed above may be mitigated by some of the subsequently

described embodiments. Among these embodiments is an example of a manufacturing process



[ 0005] FI GS. 1-22 are cross-sectional views of a substrate during
sequential stages of a manufacturing process in accordance with an
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i nsul ating fins between adjacent gates. As expl ai ned below, in sone
enbodi ments, both insulating fins and sem conductor fins are forned
by a single etch that defines furrows between the insulating fins and
sem conductor fins. The furrows, in turn, may define the shape and
position of gates forned in the furroms Because the gates are forned
in furrq ara sul at | o] ment s e
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1-22. [0007]As illustrated by FIG 1, the manufacturing process
begi ns Wet¥eeptsingilaedins and semiconductor fins. The furrows, in turn, may define the shape

and position of gates formed in the furrows. Because the gates are formed in furrows separated
by insulating fins, in some embodiments, the gates are believed to be more reliably isolated
from one another than gates formed with conventional techniques. This manufacturing process

and some of its variants are described below with reference to FIGS. 1-22.

[0007] As illustrated by FIG. 1, the manufacturing process begins with providing a
substrate 102. The substrate 102 may include semiconductive materials such as single-crystal
or poly-crystalline silicon, gallium arsenide, indium phosphide, or other materials with
semiconductor properties. Alternately, or additionally, the substrate 102 may include a non-
semiconductor body on which an electronic device may be constructed, structures such as a
plastic or ceramic work surface, for example. The term “substrate’” encompasses bodies in a
variety of stages of manufacture, including an unprocessed whole wafer, a partiaily-processed
whole wafer, a fully-processed whole wafer, a portion of a diced wafer, or a portion of a diced

wafer in a packaged electronic device.

[0008] In this embodiment, the substrate 102 includes an upper doped region 104 and a
lower doped region 106. The upper doped region 104 and the lower doped region 106 may be

differently doped. For example, the upper doped region 104 may include an n+ material and



substrate 102. The substrate 102 may include sem conductive nmaterials
such as single-crystal or poly-crystalline silicon, gallium arsenide,
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bel ow, the upper doped region 104 may provide material used to forma
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may provide material used orma cha of the trans
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formed in the substrate 10 hese trencl may g
extend in.th %dqlrectl %Bmﬁ%fhg%hﬁﬁ&ed in FIG 1. One or nore

shal | ow PFEKEAES REHHH%@ e’in erposeanbetmeen pairs of the deep

isolation trenches 108. In sone enbodi ments, the shallow trenches 110

may be 3 r than, the er d eﬂ)re i 104 to arate .
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isolation tre ge 108 de r than tge shall ow {renches 110 to
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trenches 108 and_the shall ow trenches 110 may define several .
indicated in FIG. 1. One or more shallow trenches 110 may be interposed between pairs of the
deep isolation trenches 108. In some embodiments, the shallow trenches 110 may be deeper
than the upper doped region 104 to separate subsequently-formed sources and drains.

Additionally, the deep isolation trenches 108 may be deeper than the shallow trenches 110 to

isolate subsequently-formed transistors.

[0010] The deep isolation trenches 108 and the shallow trenches 110 may define several

dimensions of the substrate 102. The shallow trenches 110 have a width 112 less than F, where



di rensi ons of the substrate 102. The shallow trenches 110 have a
width 112 | ess than F, where WD 2009/105315PCT/ US2009/ 032352 F i s

t he resol uVORAHSIIFe equi pnent with which the deep i sOPGHVIN09/032352
trenches are patterned. Simlarly, the deep isolation trenches 108
may have a width 114 |less than F, and the deep isolation trenches 108
may be spaced away fromthe shallow trenches 110 by a width 116 that
is less than F. In sone enbodi nents, one or nore or all of these

wi dths 112, 114, and 116 is less than or generally equal to 3/4 F,
1/2 F, or 1/4 F. The trenches 108 and 110 repeat with a period of

118, which in sone enbodi nents is less than or generally equal to 4

F, 2 F, or In other enbodinents, the pattern may be interrupted
with ot t tures. or variatio t he att The deep isol ation
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the Y direction, for exan%Ie t hrough a distance |arger than one,

five, orisolgtion trongliesil8® evay be spackdawoam Hx shallevefrgnches Hildueswidth bmsthat
may be used to formthe deep isolation trenches 108 and the shall ow
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the areas corresponding to each of the deep |solat|on trenches 108.
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| i ke many ot hers dlscussed herein, may be forned with process fl ows.

[0011)] A variety of process flows may be used to form the deep isolation trenches 108
and the shallow trenches 110. In some embodiments, they are formed sequentially, each with a
double-pitched mask. In one example of such a process, the deep isolation trenches 108 are
formed first by masking off the areas between every other pair of deep isolation trenches 108
and, then, forming a poly-silicon sidewall spacer on the sides of the mask, over the areas
corresponding to each of the deep isolation trenches 108. Then the mask may be removed and
a hard mask material, such as oxide, may be deposited over the remaining poly-silicon sidewall
spacers, and the hard mask material may be etched back or planarized with chemical

mechanical planarization (CMP) to expose the poly-silicon. Next, the poly-silicon may be



[ 0012] The deep isol ation trenches 108 and shall ow trenches 110 may be
partially or entirely filled with various dielectric materials, such
as hi gh deWei29/185348na (HDP) oxi de, tetraethyl -ort ho- siRGEER2809(0TEES) |
or spun-on-glass (SOG, for instance, to electrically isolate
features. Additionally, the deep isolation trenches 108 or the

shal  ow trenches 110 may include various liner materials, such as
silicon nitride for exanple, to relieve filmstresses, inprove
adhesion, or function as a barrier material. In sone enbodi nents,
prior to being filled, the bottom of the deep isolation trenches 108
is inplanted with dopants selected to further isolate the
transistors. [0013] Next, in this enbodi nent, three-different filns

are formed on.t bstrate 102, as illustrated by. FlI . ,The first
| Fustr AeBa e g BT hirEtees Flanr bR et st BReERe
| ower stop region 120 i | ayer. of oxide that is either grown or
deposi t dEFNCRfS 38§ gange Fﬁﬁ?fngheﬁhalW%El'%Pest HE iy be fempdawitr timglar flow,
material of the substrate 102 readily forms a native oxide, as occurs
wi t h mateErsps vath thedaitipl mpgothifteddyy sapg dystaace, eige thoowisith it pnd wijh ashallpger
may be grown on silicon by reacting the surface of the silicon

por ti on afh. tThethsu¢rgbadaments, giese WrcRQeOV08GEE 15ROkK: 0829 0L GIRBEXedhtrhin,
oxygen in a furnace, or the |lower stop region 120 may be deposited

wi t h chemycad foragaiowitidgposss floen. (CVD) on substrates with a variety of
types of sem conductor materials, including both silicon and conpound
sem conductors. The |l ower stop region 120 may be between 20 and 200 A
t hi ck, d0812] genefMat HseprigdaticB0reActtehil 6&and Ballehy Teche WY msy I ar tediyain
120 may be made of a different material fromthe next region: an
upper steafireleflledwill2Zariouf dicltt Sic enadathlsyeith,as hid@ deppe plfind PHDSY bRite, ket ta-
is made of nitride deposited with CVD. The upper stop region 122 may
be bet wegny1-30haBicA0 OTFOS N bedpun BnPlass GROGY, &drliystdiRa o $ROritailk@ike As

expl ai ned bel ow, in some enmbodinents, the transition between the
upper s tf@ﬂukggﬁs@(lﬂtigi?‘aﬁgatﬂg dEdpGsdI R treRLHRR 10861 AP sHAGwWTRAHL 4G %;9Yﬂncﬁude

etching by signaling the appropriate time to stop etching or

sl owi ng \Iéa.ﬁSusq'fn(épmﬁ@}iglspﬁtﬁﬁsesﬂti&ﬁ n#RRE f'orggprﬁﬂe,rtggélfwe ﬁ%sti‘é%ses, improve

penet r at

adhesion, or function as a barrier material. In some embodiments, prior to being filled, the
bottom of the deep isolation trenches 108 is implanted with dopants selected to further isolate

the transistors.

[0013] Next, in this embodiment, three-different films are formed on the substrate 102,
as illustrated by FIG. 2. The first illustrated film is a lower stop region 120. In this
embodiment, the lower stop region 120 is a layer of oxide that is either grown or deposited,
depending in part on whether the bulk semiconductor material of the substrate 102 readily
forms a native oxide, as occurs with materials like silicon. For example, the lower stop region

120 may be grown on silicon by reacting the surface of the silicon portion of the substrate 102



[ 0015] Next in the illustrated enbodi nment, a sacrificial mask region
124 is formed, as illustrated by FIG 2. The sacrificial mask region
124 may beWRad®/18531pol y-silicon deposited with a CVD syMIT&UR20QM482353
may have a thickness between 500 and 5000 A, e.g., generally near
1500 A thick. The thickness of the sacrificial mask region 124 may be
sel ected based on a desired sem conductor-fin height. As expl ai ned
below, in this enbodinment, the sacrificial nmask region 124 fornms a
hard mask for the etch step that defines the sem conductor fins. A
portion of the hard mask is consuned during the fin etch, so the

| onger the sem conductor fins, and the deeper the fin etch, the

thi cker the sacrificial mask region 124 may be. WD

2009/ 105315PCT/ US20091032352 .[ 0016] Af t. i the fil, .
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exposed by the precursor-fin mask 126. The precursor-fin mask 126 may
be nade bsth lironcngd sprpoungsemigandugiors. 10w leger s raginad 40 mas ke bewaen2hnd
depositing and patterning a masking material. The precursor-fin mask
126 may 298 Apthidkee. pedengially ngangdrA dtigk. of | it hography systens, such as a
phot ol i t hography system a nano-inprint system an el ectron-beam
system or other appropriate patterning device. The illustrated
precur sdPO¥I n nmasRhg ever plob vatesn B0gwayi hegnagke ofra didéalent ogitasiak fraB Ghearedt t
exposed regions 132, both generally extending in the X direction.

Bot h t heegiaiskedppagtopnsgidd022and thihembxjimsetdthe agpan®pi8ionrid? ik aade af

wi dth generally equal to 1 F, and it follows that the precursor-fin
mask 12Gitiey déperedavitleCvod Thd4ippaatopdedion [ B0MAY baba®ednadOand 300 A thick,
enbodi nents, the precursor-fin nmask 126 has a relatively large

al i gnmentg, NRh&hlly #IPE0 AdhicR. A08EpISAVIRIN, AN mPERBRESESs, thdkrdnSiiSn
enbodi ment, nmany of the existing structures on the substrate 102,

such as bten@eeg%mp?aoét@;;ﬂ'egi@ntm@mé 10kB slap?egtigm@hﬁéﬂt lew?aﬁrot%ﬁfég%glw

are generally uniformin'the Y direction.” As resul

enbodi rr%%@%me . &%ﬁﬁ@& ergj;, atﬂi{,s &b é,vam@e,et&rra@b%?oké @??ﬁ%‘?e

al ong the rec out  significantly affecting the u

shape of L pstors. Smlarly, because the mask 126 is
gener al Idﬁ%ﬁﬁeélgﬁ%a%' hSpt% %1%%& rection, sonme m salignnment of the

trenches 108 and 110 in the X direction may be acceptable in sone
enbodi m“a[%l%] Next in the illustrated embodiment, a sacrificial mask region 124 is formed, as

illustrated by FIG. 2. The sacrificial mask region 124 may be made of poly-silicon deposited
with a CVD system, and it may have a thickness between 500 and 5000 A, e.g., generally near
1500 A thick. The thickness of the sacrificial mask region 124 may be selected based on a
desired semiconductor-fin height. As explained below, in this embodiment, the sacrificial
mask region 124 forms a hard mask for the etch step that defines the semiconductor fins. A
portion of the hard mask is consumed during the fin etch, so the longer the semiconductor fins,

and the deeper the fin etch, the thicker the sacrificial mask region 124 may be.



WD 2009/ 105315PCT/ 1JS2009/ 032352 [0018] After form ng the precursor-fm
mask 126, the precursor-fins 128 nmay be etched, as illustrated by
FIG 4. | nWOaK®/185ddi nents, this etch may be a gener al *GI/EP®EBI36Di
dry etch. The precursor fins 128 may have di nensions that are
generally conplenentary to the dinensions of the precursor-fm mask
126. The etch may formvoids that generally extend along the Z axis a
di stance 136 into the substrate 102. The di stance 136 may be sel ected
so that bottons 138 of the voids are substantially deeper than the
shal |l ow trenches 110, but not as deep as the deep isolation trenches
108. [0019] Next, as illustrated by FIGS. 5 and 6, the

sacrificial -maski ng-region portion 124 of the precursor fins 128 may

be under The bstrate 102 may be bat h t hat
s sol odMlR (ot AL @rfroarrll Aitnilnatred) DadC b b 5@@ e
region 124 is nmade , % etch that preferential

pol y- si I{esgiteg by Fﬁ@ﬁ&/@gl 4. h@G AEIStAES 2 PIeSEordH PpRk @ébﬂgldr%@e‘* ﬂblztwérs
a substantlall¥ sl ower rate. Because wet etches are generally

i sot r opiREScuERET BB fsemethy stepngitgionbetnerddty thhpreayeeitin wak [26adke ng
region 124 is covered by other regions 126 and 122, the wet etch may
pri mar i |prequesenfie nmek é26 mlay be owde bfephptaresist,adr theum4skda6 maly bediard mask
sacrificial masking region 124, in the X and the Y. directions,

t her eby fhamaddwi degoditirgy andgiaherhid@.a nhasking meaterizb Othenpredussor{finanask d 2t mhst Be
may be generally equal to or less than 1/4 F, 1/2 F, 3/4 For 1 F.
The sacrpatibiabdwitiaskiistg of BGbSAPHA staiy, sach wwrgHoedHthddyaphy 8 SérancRnd 41
that is generally equal to or.greater than 3/8 F, 1/4 F, 1/8 F, or

some ot Newhrifh sStBmce eiédho‘ﬁ%n%?h&ﬁ' SRIMS apprBRiM Sdt@AGRy ddleeMaYe DE
general ly equal to or greater than 15 nm As described bel ow, the

narr OVVerﬂlééﬁ%feH fplé%:hébx R fakip 926 ﬁgl'u@é!: als%ﬂemlfnzﬁﬁéd 188i0H&1 I exposed regions

sem conduct or Ins. In some enbodi nents,

2009/ 1051%55@@%&99%&@%%%% rnsJ tﬁlhlemiém% ﬁyrﬂr‘aﬂé%ﬁe OB¥sed

be undercut Ying the etcht e precursor”

l[:?%zo] Nerxigralbns 1@3 nri)ay BYE 3 Yidth' oenel y 6QU%§O 1% 5P }IO%WS?h th}lel plijésctm[s%} Fm magk

126 may have a period 134 near 2 F.

[0017] In certain embodiments, the precursor-fin mask 126 has a relatively large
alignment margin compared to some conventional processes. In this embodiment, many of the
existing structures on the substrate 102, such as the deep isolation trenches 108 and the shallow
trenches 110 are generally uniform in the Y direction. As a result, in this embodiment, the
mask 126 can be shifted slightly, or misaligned, along the Y direction without significantly
affecting the ultimate shape of the transistors. Similarly, because the mask 126 is generally
uniform in the X direction, some misalignment of the trenches 108 and 110 in the X direction

may be acceptable in some embodiments.



~precursor-fin mask 126 may be renoved with a wet etch that is

selective to the precursor-fin mask 126, or the precursor-fin mask
126 may beVPapIiedlhby reacting the precursor-fin nmask FPEEUSRWHIBASAgen
in a furnace or a plasma etch chanber. [0021]As illustrated by FIG
8, aliner 142 may be forned on the substrate 102. In this
enbodi nent, the liner 142 is a generally conformal nitride film
deposited with chem cal -vapor deposition or other type of deposition.
I n sone enbodi nents, the liner 142 is nade of the sane material as
t he upper stop region 122 or other suitable material, for exanple.
The liner 142 may have a thickness 144 that is generally equal to or
| ess than the width 142 of the undercut of the sacrificial masking

. Jhe. illustrated |in ul d

regi on FI G I 2 includ rs 143
o Cae et I o b b0 i e TR i e R S s 100t i ey
direction,. As explained_bel ow, jin.sone enbodi nents, these shoul ders
143 pr &%{%‘PSW%JW 8 T fompg embqliasnts, 455 gieh Y b @ EeRGANLERSOREBIC b
etching the portion of the liner 142 above the shoul der 143. Thus,

the s hoG#CBe?BﬁE@C‘fchﬁqsd% may hawimengiensithal atesenerally eomeerpeniary fo the
[0022] Next, an inter-gate dielectric 146 is fornmed, .as illustrated by
FI G 9. dimensiensofhoprerwrseniin magk 126t dhe gigh map ifermevaids thatipgaeraldy extend
spun-on dielectric (SOD) applied with an overburden 148. |n other
enbodi nmeleng theiZ axiny disence HHitfiftortergubsteatet02al Thapplinee 13G mhy be dhildcfedise fitat
WO 2009/ 105315PCT/ US2009/ 032352 process, e.g., CVvD or ALD. The

Spun- onbotitehelIBraf chenpojdstaee subspntieliyrleefendman tiseshbilews trencheke] 1 0at notassiaee
enbodi ments, the spun-on dielectric nay be densified by placing the

subst r akethd Aeepl ikol@idnUrdnalee 108. drive vol atile conpounds fromthe
spun-on dielectric. In sone enbodi nents, the |liner 142 may protect
ot her portions of the substrate 102 fromfilmstresses devel oped

during geagjfi catien, aslilesealeAbly FIGS OF AHdrey tHehGerifitta@ m-gihe relii] Rikdd 24

146, the substrate 102 nmay be generally '
of the precursor fins 128 may be undercut. The substrate 102 may be placed in a wet-etch bath
that is selective to the material from which the sacrificial masking region 124 is made, e.g., a
wet etch that preferentially etches poly-silicon but removes the other materials on the substrate
102 at a substantially slower rate. Becanse wet etches a.re generally isotropic, and because the
top and bottom of the sacrificial masking region 124 is covered by other regions 126 and 122,
the wet etch may primarily remove material from the vertical surfaces of the sacrificial masking
region 124, in the X and the Y directions, thereby narrowing its width 140. In some
embodiments, the width 140 may be generally equal to or less than 1/4 F, 1/2F,3/4For 1 F,
The sacrificial masking region 124 may be undercut by a distance 141,”1(hat ;s generally equal to
or greater than 3/8 F, 1/4 F, 1/8 F, or some other distance._- In SO.I'I__IC‘ c_:n;pc_)_c_i:_imei;ts, the distance

141 may be generally equal to or greater than 15 nm. As described below, the narrower

sacrificial masking region 124 may define narrower semiconductor fins. In some embodiments,



pl anari zed with chem cal - nechani cal pl anafization (CW), as
illustrated by FIG 10. The CWVP process may renove the overburden
148, a topwporwwiwss1df the [iner 142, and stop on or nea@CHE2009/032352
sacrificial-masking region 124. The transition between the inter-gate
dielectric 146 and the liner 142 may produce a detectabl e phenonenon,
such as a change in optical properties of the substrate (e.g.,

color), chemcal properties (e.g., waste slurry pH), or nechanical
properties (e.g., sliding friction) that triggers an end to the CWP
process. The transition between the liner 142 and the sacrificial
maski ng region 124 may al so produce sim |l ar detectabl e phenonena for
end- poi nting the process. In sone enbodi nents, the CMP process stops
on or near th ner . 142 and_does.  not expose the sacrificial nmaskin
regi on 15?153‘5{15@21&]11\%‘%{% regig L gbmay B%“IH’FICPE@“}%&E“F etqlyiatfiguthe peecursor fins
shoul der 143 is renoved, as illustrated by FIGS. 11 and 12. The |i ner
142 nay]8§-rennved wth a dry etch that is generally selective to the
liner 142 so that the liner 142 is etched w thout renoving a
substantial portion of either the sacrificial-nmasking region 124 or
the int dP0¥Rt e di Slest theipsecymer-fipmash 26 isperpenedeastillustigyed by FIG. 7. The
2009/ 105315PCT/ US2009/ 032352 the etch stops on or near the shoul der
143, andrecusbinamisk 426 poy bé mmoged afith aofet efok that verledth2 th dlerecutver-fin
shoul der 143 remains in place. In sone enbodi nents, the etch may
penet r atreask 126, drite prpqesor-sinopask @96 ony b Zensoved 5¢ cqactiny thé prebaowarfisinagk
region 120. Renovi ng the upper portion of the liner 142 opens gaps
150 bet wie6Rvithl dxgEdaihiaTarna®ydrarSasata didhecha@beér fi ci al masking region 124
and the inter-gate electric 146. In this enbodi nent, the gaps 150
expose the sidewalls of the inter-gate dielectric 146 for the next
process [602). [ 00A3)idisheted bOFIG R alifer BiapsayleGorntidday: thRyubbEatyvl 002 Nadhis
as illustrated by FIGS. 13 and 14. In this enbodi nent, the gaps 150

are w denfddiiveny\Rhe [@ief MNG alchferfUPSInt@hRl dide fmlﬁeaegésﬁe@mth RREHEAIAS RS

the gaps 150 and reacts with the sidewalls of the inter-gate

di el ectr S i gﬁﬁqﬁ

sel ecti vdgﬁ?%t%hoel-g:ﬂ%% Sg%@adﬂ&?e@% r0 IH%'&%%&E% nlsh@% Iilir%:el %’Ez %@f i @%alﬂé
of the n 4

o L ne%?\‘z%&%&al 5%&@@@%{%&%&?9220& ohfef siitp (SRS fo{]&aﬁ%[rerme liger 142

ndercuts a OI’ Ion o stop

122 .under, .t.h f Ki 2
oo on 125 WSy ahe, e sl el ogi%aﬂwiw Seeh Bt ﬁgémsgt%vf
d t dt h. 156. t d
the wi diihe ?e%'gﬁ%“ﬁyﬂ%mlgé%% b el ek g R A RR L e SR
than 3/4 F, 1/2 F, or F. .As expl ai ned below, the width 152 may.
gener al |ﬂ§ﬂt&%ﬁm%cqnﬁ@uwl 8{1 be with e egistaly Wuslegiss changes inieetionn ﬁw&%wed

[0026] Next in the presently described enbodinent, the substrate 102
i s ani sdeloapintgmeembodiments, these shoulders 143 protect the pomon of the liner 142 below the

shoulder 143 when etching the portion of the liner 142 above the shoulder 143. Thus, the

shoulder 143 functions in some embodiments as a stop region.

[0022] Next, an inter-gate dielectric 146 is formed, as illustrated by FIG. 9. In this
embodiment, the inter-gate dielectric 146 is a spun-on dielectric (SOD) applied with an

overburden 148. In other embodiments, it may be a different material applied with a different

10



etched, as illustrated by FIGS. 15 and 16. In this enbodi nent, the
ani sotropic etch preferentially renoves material in the Z direction
and i s genwO20n0siaf sel ective to many or all WO PCT/US2009/032352
2009/ 105315PCT/ 1JS2009/ 032352 of the exposed materials of the
substrate 102. For exanple, the etch may generally etch the
inter-gate dielectric 146, the sacrificial masking region 124, the
upper doped region 104, and the | ower doped region 106 at generally
the sane rate. This etch may be the type of etch known in the art as
an "alligator etch.” [0027]As illustrated by FIGS. 15 and 16, the
presently described etch changes a nunber of features of the
substrate 102. A substantial portion or all of the sacrificial
maski ng region 124 may . be renoved, and furrows 158 may be opened in
bot h t he” 5P F-2d6pdd o 85Po T hE SPRIAPIHUIEIREIF S1R¥ 0 dSBRHCR Eigitofich 66 Oxifhand
illustrated furrows 158 may al so consune a portion of the |iner 142.
The f ur riB#RMa sBbedigeRathe wpugepdiclacir Bay bawdansidied 8y Plseing e supyete YBied
region 104 that is deeper than the shallow trenches 110, but not as
deep as feiaereto drive voletls compbunds fient the spyine digectie. Inrsemb embodiness, thé

t he space between the precursor fins 128 (FIG 4). The sidewal | s of

t he f ur rlowsl458aymptebeoth@rpertaink yf thasatistrete 10D fivhefilh diiessec idvelvpedduriney
may be sl oped or curved. The etch may al so reduce the thickness of

t he i nt efengfitaiodi el ectric 146 and generally define insulating fins
154. The insulating fins 154 may have a base 155 that defines a
bottom portion of the furrows 158. As expl ai ned below, the insulating
fins 1540028] sepandteef@aiRShOhtaGhaceécui©Ws, e shibsdnri DL afay.be[cBf?8] At
this stage, the substrate 102 nay generally define the dinmensions of

sem conditstafsed witschkRdcal-kechdnlidap %lﬁﬁéﬁaﬁmpbl BENSARS by HIG 10l PThe CMP
depi cts the upper doped region 104 and the | ower doped region 106 of

the sub %5&&5%3391%11&@\1& hetREbAEdaR rl4§,%4515’f)&ﬁ0ﬁ SFRY Bfer 148, and stop on or near the
sacrificial-masking region 124. The transition between the inter-gate dielectric 146 and the
liner 142 may produce a detectable phenomenon, such as a change in optical properties of the
substrate (e.g., color), chemical properties (e.g., waste slurry pH), or mechanical properties
(e.g., sliding friction) that triggers an end to the CMP process. The transition between the liner
142 and the sacrificial masking region 124 may also produce similar detectable phenomena for
end-pointing the process. In some embodiments, the CMP process stops on or near the liner

142 and does not expose the sacrificial masking region 124.

[0024] Next, the portion of the liner 142 above the shoulder 143 is removed, as
illustrated by FIGS. 11 and 12. The liner 142 may be removed with a dry etch that is generally
selective to the liner 142 so that the liner 142 is etched without removing a substantial portion

of either the sacrificial-masking region 124 or the inter-gate dielectric 146. In this embodiment,

11



WO 2009/ 105315PCT/ US2009/ 032352 il lustrated, the substrate 102
includes a plurality of sem conductor fins 162. The illustrated fins
162 are arwang@dosansrows 164 generally extendi ng in theeCAr/gH220@@O5136N,
and colums 166 generally extending in the Y direction. In this
enbodi nent, each of the sem conductor fins 162 is isolated both from
ot her sem conductor fins 162 in the same row 164 by a deep trench 168
and from ot her sem conductor fins 162 in the sane colum 166 by an
internediate trench 170. The internediate trenches 170 nmay include a
Wi der -upper portion 172 and a narrower-|lower portion 174. Each of the
illustrated sem conductor fins 162 includes a generally U shaped
distal portion with two legs 176 and 178 separated by a shall ow
trench 180. As expl ai ned bel ow, each of these Iegs 176 and 178 nm
form ei ttReFtch SR s nsar the shogidsr I43, and 3 sypbstantiad portiop g alf ehhe Hasitl4d %@aw
in the presently described enmbodinment is illustrated by FIG 18.
Af ter f dheshegldeh&t3yameing 5gplage. Jaseneierabesiments theggchingy banctrate ixdel thejupper
some enbodi ments, the gate dielectric 182 may be deposited with
chem calstopapgien d&parsi topoen the lewen siop rézyel20d Reowivingdhe upper partiort tighe liner
enbodi nents, the gate dielectric 182 may be grown by, for exanple,
exposi ngl4Clpersigapd HH et i€ altermetingeembdrs of thelsacaifieial thhsking fegioh 124 ad the
gate dielectric 182 is grown, and as such, it is generally disposed
on the dxppsadepatitilafsindhiskaibbdiber, tepaps thipsgodeadd Gevldld oathd iftBicoate
| ower doped region 106. The gate dielectric 182 may be nmade of a
vari ety dqudledii®l £LF ihe neRdRbdesd Sﬁ;@p,such as oxi de, oxynitride, or
hi gh-di el ectric constant materials |ike hafnium di oxi de, zirconium
di oxi de, and titaniumdioxide. WD 2009/105315PCT/ US2009/ 032352
[ 0030] Nebas)a gat fePimiml thd 8ths T8Y, tR h) vdidentdt AenauRedd3treGE0B and
as depicted by FIG 19. The i Tlust rat ed gate material 184 iS a
conduct ije - el bl i i pitc i e =YRR o=Yo IRV a

14€ IHREELh dam@tﬁ,ctg% %%rb 1'32%% cﬁﬁﬁéﬂ}tﬂb& W eRR0 FHel Gt 112! gZe ay

sputter process, but ments; the gate material 1

motal's. Tuifpeiiiil 4 150 B AR APREM AP s 0 Rl M

22t |O\rlglr Sﬂ%f\l%rt] ett%ﬁ gla%’?j’f?’ I%lg%gaﬁ |51§0 1'c}p?cean%%€§érzrﬂ%} s%le]ég\?e t%r%}%je %Fe?—?g%t% Qﬁeileac':ltl%cy 1 4%r
so that relatively little of the sacrificial masking region 124 is removed. In some embodiments,
the wet etch undercuts a portion of the upper stopping region 122 under the sacrificial masking
region 124. The gaps 150 may be widened to a width 152, and the inter-gate dielectric 146
may be narrowed to a width 156. In some embodiments, both the width 156 and the width 152

may be less than F, e.g., generally equal to or less than 3/4 F, 1/2 F, or 1/4 F. As explained

below, the width 152 may generally define the width of the gates for each of the transistors.

[0026] Next in the presently described embodiment, the substrate 102 is anisotropically
etched, as illustrated by FIGS. 15 and 16. In this embodiment, the anisotropic etch

preferentially removes material in the Z direction and is generally not selective to many or all

12



[0031]In the illustrated enbodi nent, the gate nmaterial 184 is then
etched back to formisolated gates 186 and 188 on either side of the
rows 164 oWwWosewwidamsluctor fins 162, as illustrated by RQGU2009/031382
gate material 184 may be recessed below the top of the isolating fins
154, but not so deep that the tops of the gates 186 and 188 are bel ow
the bottom of the upper doped region 104. That is, the gates 186 and
188 may at | east partially overlap the upper doped region 104.

[0032] I n sone enbodi nents, the gates 186 in 188 are isolated from one
anot her by the insulating fins 154 even when the sidewalls of the
sem conductor fins 162 are sloped. In this enbodi nent, the gates 186
and 188 are defined in the furrows 158 with an etch back process
rathermé%an with a sidewal] spacer process. As a result, in

enmbodi e exppssh apptgrials %fiﬂéFeWgFtF?ée - rFot erpmle g fifcrlymmasernswﬂv Ff@h the
process wi ndow.  [0033] Next, the remai nder of the sacrificial masking
regi on Hper- g%tﬁéIC&PﬁB@rl%{fbﬁSi}celéF@hmiﬁé@g ragian 4 &b theoupper daps ragegyi 194, @0
may be renoved to expose termnals of the transistors 190, WO

2009/ 103k4 bReTASE 0e0BH3E 2eresallyl theisameated This eRbESy i@1thafyge 2PetclEach
of the illustrated transistors 190 includes a source 192, a drain
194, andnawehatheelt as hh Gdligadedciiy arrow 196, depicting current flow
fromthe source 192 to the drain 194. The transistors 190 may consune
an area generally equal to or less than 4 F2, including the gates 186
and 188 [892¥]i sol atAséiusaaed by FIGE. Midnd 16abd pileranrlg dsicabedl&@th changes a

number of features of the substrate 102. A substantial portion or all of the sacrificial masking
region 124 may be removed, and furrows 158 may be opened in both the upper doped region
104 and the lower doped region 106. The illustrated furrows 158 may also consume a portion
of the liner 142. The furrows 158 may have a depth 160 below the top of the upper doped
region 104 that is deeper than the shallow trenches 110, but not as deep as either the deep
isolation trenches 108 or the bottom 138 of the space between the precursor fins 128 (FIG. 4).
The sidewalls of the furrows 158 may be generally parallel to the Z direction, or they may be
sloped or curved. The etch may also reduce the thickness of the inter-gate dielectric 146 and
generally define insulating fins 154. The insulating fins 154 may have a base 155 that defines a
bottom portion of the furrows 158. As explained below, the insulating fins 154 may separate

gates of adjacent rows of transistors.

[0028] At this stage, the substrate 102 may generaily define the dimensions of
semiconductor fins 162, To illustrate these dimensions, FIG. 17 depicts the upper doped region

104 and the lower doped region 106 of the substrate 102 with the other features removed. As

13



[0034] To turn on the transistors 190, a voltage nay be asserted on
the gates 186 and 188, and a voltage between the source 192 and drain
194 may drwoeo@uansant 196 t hrough the channel. The il | ustweszen/032352
transistors 190 may be referred to as dual -gate transistors or
multi-gate transistors, as they have a gate adjacent each side wall.
The gates 186 and 188 may be energi zed according to a variety of
patterns: both gates 186 and 188 may be energi zed generally

si mul t aneousl y; one gate 186 or 188 nay be energi zed, but not the
other; or the gates 186 and 188 nay be energi zed i ndependent of one
anot her. In sone enbodi nents, the gates 186 and 188 may partially or
entirely circunscribe the rows 164, e.g., the gates 186 and 188 may
connect at one or both ends of the rows 164, [ 0035] A vari ety of

devi ces 1Heratsd, e mstated0? hickudes 4 plardityseigemicpoductqrims é&%nﬂveelluqtmed fins
transistors 190 may connect to other transistors 190 to forma

pr ocessai? aggrarapptd inaewo iodsgraeiafly extendiagindhey doeetoni and(caBind)s, 166r
static random access nenory (SRAM, or the transistors 190 may
connect geoerallydeyvéndegonitireaY dlryctoanin Gisreatbotioneit, erch dfabasenscmduasr fns 162
capaci tor, phase change nenory, ferroelectric nenory, or a

pr ogr anriaiblated®b frori dthepenieinkductoMiAs2@0 3 #QSEAE G 1 44SA0D e B2BE1 68

[ 0036] Wil e the invention nmay be susceptible to various nodifications

and al t ehd&binvéhdrReMEon®ReFifink ¢62HIRE MBI YohurVEs eRNn&RAYatd e 70f
exanple in the drawi ngs and have been described in detail herein.

Hovever Thetinghudlat P cHOdEHTRARhNAE wmﬁuﬁ‘)ﬁ%}’ﬁ&hbﬁ 73 &drhoﬁm'o%ﬁlb%g

to be limted to the particular fornms disclosed. Rat

i nventiqp i lf'? QMFéf Rl 11 {]lugpa%rg éeﬁf%o'nf? nfgﬂ‘i%fﬂc FSS% céfégﬂly U-shaped

alternatlves e sp |r| scope of the 1nven
istal portion with two $ Sepfafl by a shallow trench 180. As explained
defined Byt ) l 'lga SULH é’?% b 3fE 0.

below, each of these legs 176 and 178 may form either a source or a drain of a transistor,

[0029] The next step in the presently described embodiment is illustrated by FIG. 18.
After forming the gaps 158, a gate dielectric 182 may be formed. In some embodiments, the
gate dielectric 182 may be deposited with chemical vapor deposition or atomic layer deposition,
or in other embodiments, the gate dielectric 182 may be grown by, for example, exposing the
substrate 102 to oxygen in a furnace. The illustrated gate dielectric 182 is grown, and as such,

it is generally disposed on the exposed portions of both the upper doped region 104 and the
lower doped region 106. The gate dielectric 182 may be made of a variety of dielectric
materials, such as oxide, oxynitride, or high-dielectric constant materials like hafnium dioxide,

zirconium dioxide, and titanium dioxide.
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CLAIM5 1. A device, conprising: a plurality of fin field-effect
transi stors disposed in rows; a plurality of insulating fins each
di sposed bebwe®noshe rows; and a plurality of nmemuryuvsbensnss
each coupled to a terminal of a fin field-effect transistor anong the
plurality of fin field-effect transistors. 2. The device of claim1,
wherein the plurality of insulating fins at |east partially define
furrows in which gates of each of the plurality of fin-field effect
transi stors are disposed. 3. The device of claim2, wherein at |east
a portion of the insulating fins is disposed under the gates. 4. The
device of claim1l, wherein each of the fin field-effect transistors
anong the plurality of fin field-effect transistors conprises a
U-shaped distal portion. 5. The device of claim1l, wherein

general | t )

the pl ur[ﬁﬂfiﬂﬂ y of MNent pigate araggriab £84 mpwbsiosned an e sysirated 0% asdepieted by

of dual-gate fin field-effect transistors.
FIG. 19. The illustrated gate material 184 is a conductive material, such as titanium nitride
deposited with a sputter process, but in other embodiments, the gate material 184 may include
other conductive films, such as doped polysilicon or various metals. In this embodiment, the

gate material 184 is deposited with an overburden 185 to planarize the substrate 102 and

substantially or entirely fill the furrows 158.

[0031] In the illustrated embodiment, the gate material 184 is then etched back to form
isolated gates 186 and 188 on either side of the rows 164 of semiconductor fins 162, as
illustrated by FIG. 20. The gate material 184 may be recessed below the top of the isolating
fins 154, but not so deep that the tops of the gates 186 and 188 are below the bottom of the
upper doped region 104, That is, the gates 186 and 188 may at least partially overlap the upper

doped region 104.

[0032] In some embodiments, the gates 186 in 188 are isolated from one another by the
insulating fins 154 even when the sidewalls of the semiconductor fins 162 are sloped. In this
embodiment, the gates 186 and 188 are defined in the furrows 158 with an etch back process
rather than with a sidewall spacer process. As a result, in some embodiments, sloped fin

sidewalls do not necessarily narrow the process window.

[0033] Next, the remainder of the sacrificial masking region 124, the upper stop region

122, and the Iower stop region 120 may be removed to expose terminals of the transistors 190,
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6. A device, conprising: a plurality of rows of transistors, each
transi stor conprising: a sem conductor fin; and a gate, at |east part
of whi ch iwodn®posasl adj acent the sem conductor fin; armCT/US2009/082352
plurality of insulating fins each di sposed between a pair of rows of
transi stors anong the plurality of rows of transistors. 7. The
device of claim®6, wherein each insulating fin anong the plurality of
i nsulating fins conprises a base, and wherein the base is disposed at
| east partially under at |east one of gates. 8. The device of claim
6, wherein the insulating fins extend along at | east a substanti al
portion of a length of the rows of transistors.

as illustrated by FIGS. 21 and 22. Each of the illustrated transistors 1590 includes a source 192,
adrain 194, and a channel illustrated by arrow 196, depicting current flow from the source 192
to the drain 194. The transistors 190 may consume an area generally equal to or less than 4 F?,

including the gates 186 and 188 and isclation associated with each transistor 190.

[0034] To turn on the transistors 190, a voltage may be asserted on the gates 186 and
188, and a voltage between the source 192 and drain 194 may drive current 196 through the
channel. The illustrated transistors 190 may be referred to as dual-gate transistors or multi-gate
transistors, as they have a gate adjacent each side wall. The gates 186 and 188 may be
energized according to a variety of patterns: both gates 186 and 188 may be energized
generally simultaneously; one gate 186 or 188 may be energized, but not the other; or the gates
186 and 188 may be energized independent of one another. In some embodiments, the gates
186 and 188 may partially or entirely circumscribe the rows 164, e.g., the gates 186 and 188

may connect at one or both ends of the rows 164,

[0035] A variety of devices may be connected to the transistors 190. For example, the
transistors 190 may connect to other transistors 190 to form a processor, an application specific
integrated circuit (ASIC), or static random access memory (SRAM), or the transistors 190 may
connect to a device primarily configured to store data, such as a capacitor, phase change

memory, ferroelectric memory, or a programmable-metallization cell.
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9. The device of claim6, wherein each insulating fin anong the
plurality of insulating fins conprises a liner disposed between the
i nsul at i ngwbizooozmsbia substrate. 10. The device of cl airgTd)S20dv@sBEN
each row of transistors anong the plurality of rows of transistors
conprises a pair of gates disposed on opposite sides of the row of
transistors. 11. The device of claim®6, wherein the insulating fins
are each less than 1 F wide. 12. A device, conprising: a first
transi stor and a second transi stor each conpri sing: a
sem conductor fin extending generally perpendicularly froma
substrate and generally linearly in a direction parallel to the
substrate; and a pair of gates forned on either side of
t he sem conductor fin and extending generally parallel to the ,
seni cond@@3%r fi nWhilgdhe inventiogangypsshsceptile fo arignssipedifientioas ssepterngive
first transistor and the second transi stor and extendi ng general ly
par al | elforms, sivsifisenibodimautsthare béen shéweby iap of example in dhe cimvlingeargiidve
transistors. 13. The device of claim 12, wherein the insulating fin,
t he senmbeeandrsciilond ih detad hereine Haweser, itshmndd b¢ mrdersénd thdtehesievanciomgumt or
fin of the second transistor define a pair of furrows on either side
of the iinendedttd Bglifnitad torhe paticula fgaiedianasd RitBepmklinw@htignilk escatr dlhe
first transistor is disposed in a furrow anong the pair of furrows
and a gah&lifeHaBSk, equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the following appended claims.
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the pair of gates of the second transistor

is disposed in the other

furrow anong the pair of furrows. 14. The device of claim12,
wherein the sem conductor fins each conprises a pair of |egs
separated by a trench. 15. The device of claim 12, conprising a

| i ner di sposed at |east partially under the insulating fin. 16. The

device of claim 12, wherein the first transistor and the second
transi stor each conprises an upper Qbﬁ&@'egi on and a | ower doped

regi on,

wherein the upper doped region is doped different fromthe

| ower doped region. 17. A nethod, conprising: formng a precursor

fin on a isubstAaiesice;‘mmprisg@ liner filmon the substrate;

at

I t tiall i | d..ad] t t f th
east partial |y b 092 ifl Srathassnl g BsgyL gy fin it an

a plurality of insulating fins each disposed between the rows; and
a plurality of memory elements each coupled to a terminal of a fin field-effect

transistor among the plurality of fin field-effect transistors.

2, The device of claim 1, wherein the plurality of insulating fins at least partially
define furrows in which gates of each of the plurality of fin-field effect transistors are

disposed.

3. The device of claim 2, wherein at least a portion of the insulating fins is

disposed under the gates.

4. The device of claim 1, wherein each of the fin field-effect transistors among
the plurality of fin field-effect transistors comprises a generally U-shaped distal

portion.

5. The device of claim 1, wherein the plurality of fin field-effect transistors

comprises a plurality of dual-gate fin field-effect transistors.

6. A device, comprising:
a plurality of rows of transistors, each transistor comprising:
a semiconductor fin; and
a gate, at least part of which is disposed adjacent the semiconductor
fin; and
a plurality of insulating fins each disposed between a pair of rows of

transistors among the plurality of rows of transistors.
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removing at |least a portion of the liner film removing a
portion of the inter-gate dielectric exposed by renoving the portion
of the liner film formng a furrowin the substrate, wherein
the furrow is di sposed between a sem conductor fin forned fromthe
substrate and an insulating fin formed fromthe inter-gate
dlelectrlc 18. The nethaod of claim 17, mhereln t he recursor fin,

the inter gate h‘? é¢Vé%9c9fCéalma§ﬂV}{eFF‘éﬂﬁﬁhr18W ating fpam e pHuality o8
hotolith
Ponpri 51 nSRRR fad Rt 88ace, Md whertfh cnd BRaTPARENCR o Rpolihly

met hod ofumkﬁanMéipnmbﬁgﬂem the formng the liner filmconprises
formng a shoulder of liner filmon either side of the precursor fin.
21. The nmethod of claim 17, conprising formng isolation trenches in

the substgate ppd vl Do A @gvﬂe% H{e%étﬂétﬂ{ ffdsremeefa%fo%'gratiéaaa

i sol ation trenches extend generally perpend |cu ar to the precursor
fin., 22.sibsenh@tpeaibnodf aceagtno? the rowspf trsnsiggorkor i ng shal | ow t renches
in the substrate prior to form ng the precursor fin, wherein the

shal |l ow trenches are shall ower than the isolation trenches.

9. The device of claim 6, wherein each insulating fin among the plurality of

insulating fins comprises a liner disposed between the insulating fin and a substrate.

10.  The device of claim 6, wherein each row of transistors among the plurality of
rows of transistors comprises a pair of gates disposed on opposite sides of the row of

transistors.

11. The device of claim 6, wherein the insulating fins are each less than 1 F wide.

12. A device, comprising:
a first transistor and a second transistor each comprising:
a semiconductor fin extending generally perpendicularly from a
substrate and generally linearly in a direction parallel to the substrate; and
a pair of gates formed on either side of the semiconductor fin and
extending generally parallel to the semiconductor fin; and
an insulating fin disposed between the first transistor and the second transistor
and extending generally parailel to the semiconductor fin of each of the first and

second transistors.

13.  The device of claim 12, wherein the insulating fin, the semiconductor fin of
the first transistor, and the semiconductor fin of the second transistor define a pair of
furrows on either side of the insulating fin, wherein a gate among the pair of gates of

the first transistor is disposed in a furrow among the pair of furrows and a gate among
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the pair of gates of the second transistor is disposed in the other furrow among the

pair of furrows.

14. The device of claim 12, wherein the semiconductor fins each comprises a

pair of legs separated by a trench.

15.  The device of claim 12, comprising a liner disposed at least partially under the

insulating fin.

16. The device of claim 12, wherein the first transistor and the second transistor
each comprises an upper doped region and a lower doped region, wherein the upper

doped region is doped different from the lower doped region.

17. A method, comprising:

forming a precursor fin on a substrate;

forming a liner film on the substrate;

at least partially filling a void adjacent the precursor fin with an inter-gate
dielectric;

removing at least a portion of the liner film;

removing a portion of the inter-gate dielectric exposed by removing the
portion of the liner film;

forming a furrow in the substrate, wherein the furrow is disposed between a
semiconductor fin formed from the substrate and an insulating fin formed from the

inter-gate dielectric.

18.  The method of claim 17, wherein the precursor fin, the inter-gate dielectric,

and the furrow are narrower than the photolithographic-resolution limit.

19. The method of claim 17, comprising undercutting the precursor fin with a wet

etch.
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20. The method of claim 17, wherein the forming the liner film comprises forming

a shoulder of liner film on either side of the precursor fin.

21. The method of claim 17, comprising forming isolation trenches in the
substrate prior to forming the precursor fin, wherein the isolation trenches extend

generally perpendicular to the precursor fin.
22, The method of claim 21, comprising forming shallow trenches in the substrate

prior to forming the precursor fin, wherein the shallow trenches are shallower than the

isolation trenches.
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