WO 2009/ 105317PCT/ US2009/ 032357 DEVI CES | NCLUDI NG FI N TRANSI STORS
ROBUST TO GATE SHORTS AND METHODS OF MAKI NG THE SAME Fi el d of

| nvent i on WOGOWR[IEF#Hdi nents of the invention rel ate gerBITAUVS2009{032357

el ectroni c devices and, nore specifically, in certain enbodinents, to
fin transistors. Description of Related Art [0002]Fin field-effect
transistors (finFETs) are often built around a fin (e.g., a tall,
thin sem conductive nenber) rising generally perpendicularly froma
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. I'n sone instances, the gate is d[zgosed agai nst the sides of the
fin and does not extend over the top. nerally, a source and a drain
are |l ocated on opposite sides of the gate, near the ends of the fin.
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include gaGATRSHORTS ANDIMETHOBDS OF MAKING THE SAME

Field of Invention

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

specifically, in certain embodiments, to fin transistors.

Description of Related Art

[0002] Fin field-effect transistors (finFETSs) are often built around a fin {e.g., a tall, thin
semiconductive member) rising 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,

thereby forming the gate. An advantage of this process is that relatively narrow gates can be



versions of this process, the gates are forned by covering a fin with
a conformal, conductive filmand, then, anisotropically etching the
conduct i vewDizbew10Bavi ng t he etch, the conductive materiET/USRMWaIEEd
faster fromthe horizontal surfaces than fromthe vertical surfaces.
As a result, a portion of the conductive material remains against the
vertical sidewalls of the fins, thereby form ng the gate. An
advantage of this process is that relatively narrow gates can be WD
2009/ 105317PCT/ US2009/ 032357 -2- forned relative to gates patterned
wi th photolithography, which is often subject to alignnent and

resol ution constraints. [0004] Al though,form ng gates with a

si dewal | - spacer process avoi ds sone process issues, it can introduce
other fajlure mechani sms. Often the sidewalls of the fins are angl ed
rat her tAERPdeltiyeig safss patirsRedswigh photRlitheeraphy ovhighyisften S%ecéf‘bﬂlcpﬁlé’@t
is less than 1;‘)i]erfect | y ani sotropic. These angl ed sidewal s can
narrow, 2afA&esplytighaensiaistss cl ose, the process w ndow for the sidewal l
spacer. The angles place the bases of adjacent fins closer to one
anot her, and when the conformal filmis deposited in this narrower
gap, thdO¥¥dti ons Adthoegheformingnzaley with agidewell-apijcaipptessavpidseabing peagnss
join, creating a filmwith a larger vertical thickness in the gap.
The fi | msvesitiver ovimdse dthwr ékilurmmethanigap. Offtan thehlesniieofdhd finpae englet ch
does not renove all of the conductive film between adjacent gates.
The r esuhthembarcantieat beodesertbsfigkeeradiyrnied withsinretdhgRat $s Tefsaharspepfettly

adj acent finFETs and | ower yields. BRI EF DESCRI PTI ON OF DRAW NGS

[ 0005] F|a@otu§:127ﬂhdsé bisdlédBdi@evanl I Ba i bhd G D@ QRS clofe, #RGRE@BNGRdow
with an embodi ment of the pr esent t echni que; and

for the sidewall spacer. The angles place the bases of adjacent fins closer to one another, and
when the conformal film is deposited in this narrower gap, the portions of the film covering the
adjacent sidewalls can join, creating a film with a larger vertical thickness in the gap. The film
can become so thick in the gap that the sidewall-spacer etch does not remove all of the
conductive film between adjacent gates. The resulting conductive residue may form stringers

that short adjacent finFETs and lower yields.

BRIEF DESCRIPTION OF DRAWINGS

[0005] FIGS. 1-27 illustrate a manufacturing process in accordance with an

embodiment of the present technique; and

[0006] FIGS. 28-37 illustrate another manufacturing process in accordance with an

embodiment of the present technique.



[ 0006] FI GS. 28-37 illustrate another manufacturing process in
accordance with an enbodi nent of the present technique. WO

2009/ 10531wBCIus0091032357 - 3- DETAI LED DESCRI PTI ON  HOO¥2pod®32357
illustrated by FIG 1, the nmanufacturing process begins with

provi ding a substrate 102. The substrate 102 may i ncl ude

sem conductive materials such as single-crystal or poly-crystalline
silicon, gallium arsenide, indiumphosphide, or other materials with
sem conductor properties. Alternately, or additionally, the substrate
102 may i nclude a non-sem conductor body on which an el ectronic
device may be constructed, bodies such,as a plastic or ceram c work
surface. The term "substrate" enconpa§§bs these structures in a

vari ety of stages of nmanufacture, and may include any nmateri al
conprising a seniconductive &ﬁi@iﬂéﬂlﬂﬁﬁiﬂﬂﬁﬂﬂgbbn unpr ocessed- whol e
wafer, a_partially-processed-whole wafer, a fully-processedwhol e

vaf er JO@UJH on &PI%USHF%EY\]A’%@-&F thegpanyfaGHring Bpcess bSLiHE warh PipdiRe tn a
packaged- el ectroni c devi ce. £0008]In this enbodi nent, the substrate
102 i nclsybréstegl92y dhe pubipre d0F gy disludg semaisanduciviaptetidp surhras ginglg-croel
The upper-doped region 104 and the | ower-doped region 106 nmay be

di f f er ersr ipglycwpseadlineraliconx gathiine arsertide, insiven phiespbide e gihonma Gdialyayith

i nclude an n+ material and the | ower-doped region 106 may i nclude a
p- mat ersemlicondiver geqpettiess Alttimatajyperaddojpedly, dgi sobstth@®4l 0Gayayheclgénenal- | y
uni form over a substantial portion of the substrate 102, such as

t hr oughatihicanduchs baty omilvhiehhh eletrafic ddvicmaybeadogareied odMRBHh Bavil&ac
The upper-doped region 104 and the | ower-doped region 106 may be

doped byoric@RhmanyéRGu@icedThe ks rGud@ReninddRIpeL st athsse shlidtBle Bl 4 VRleW ofor
additionally, one or both of these regions 104 or 106 nmay be doped

during Qe dF RinufRROS ahd Ay Henik linPiaRRhT co?ﬁprfsﬁ'lg 2SERRGAAICRvd PhterigiUCh
as during epitaxial deposition of a
including an unprocessed-whole wafer, a partially-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
the lower-doped region 106 may include a p- material. The depth of the upper-doped region
104 may be generally uniform over a substantial portion of the substrate 102, such as
throughout a substantial portion of an array area of a memory device. The upper-doped region
104 and the lower-doped region 106 may be doped by implanting or diffusing dopant materials.
Alternatively, or additionally, one or both of these regions 104 or 106 may be doped during
growth or deposition of all or part of the substrate 102, such as during epitaxial deposition of a

semiconductive material or during growth of a semiconductive ingot from which wafers are cut.



sem conductive material or during growmh of a sem conductive ingot
from which wafers are cut. WD 2009/ 105317PCT/ US2009/ 032357 -4- As
expl ai ned weél20m/108e upper - doped regi on 104 nmay provi deeanareoioab2ased
to forma source and a drain of a transistor, and the | ower-doped
region 106 may provide material used to forma channel of the

transi stor. [0009] Deep-isol ation trenches 108 and shal |l ow trenches
110 may be formed in the substrate 102, as illustrated by FIG 2.
These trenches 108 and 110 may generally extend in the Y direction.
One or nore shallow trenches 110 nay be interposed between pairs of

t he deep-isolation trenches 108. In so enbodi nents, the shall ow
trenches 110 may be deeper than the upper-doped region 104 to
separate subsequently-forned sources and drains. Additionally, the
deep- i sabstPEincELeloRh s wrpg-dared Ksaios dhd manbraids maeaydsedt wdpm peource
shal  ow trenches 110 to isol ate subsequent!|y-forned transistors.

[ 00010] Pre adeen of & Bumtstamndrikheresdansd regien tifanahppyidoimatcaakysed torfoon a
may define several dinensions of the substrate 102. The shal | ow

t r encheshat@! dithetransiwtadt h 112 | ess than or generally equal to F, the
resolution of the equipnent with which the deep-isolation trenches
are patterned, e.g., the photolithographic-resolution limt.

Sinm | arl[090% he deé&pep-olatitm vencheeHiBhed s wegncheavid 0 mapibd fdrmibd 4n thes s
than or generally equal to F, and the deep-isolation trenches 108 may
be spacedbameyl00r onilidvatedhbglHIGW2.t Tlere hashddl Mshyidd 1 0y kedet ]yt dxdnd i the
| ess than or generally equal to F. In sone enbodi nents, one or nore
or all of dthigish. OhebhsokhBallohldenchaydl 10 henyi 1% thiogDsddtRbvenh pBRNGIRE Hakp-
equal to 3/4 F, 1/2 F, or 1/4 F. The trenches 108 and 110 repeat wth

a peri odsdpftichk@ncheBilof InoRRREMbENRRA s MBtMllolSidne%s 1108y 86 d&?@ﬁt‘hﬁ’ﬁ ¥
equal to 4 F, 2 F, or 1 F. The deep-isolation trenches 168 an

shal | ow b &Ees rebikd 118 Yo ¥ St uBRARRAl S QLRI A drhs. Additionally, the

deep-isolation trenches 108 may be substantially deeper than the shallow trenches 110 to

isolate subsequently-formed transistors.

[00010] 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
or generally equal to I, the resolution of the equipment with which the deep-isolation trenches
are patterned, e.g., the photolithographic-resolution limit. Similarly, the deep-isolation trenches
108 may have a width 114 less than or generally equal to F, and the deep-isolation trenches 108
may be spaced away from the shallow trenches 110 by a width 116 that is less than or generally
equal to F. In some embodiments, one or more or all of these widths 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 some embodiments, is less than or generally equal to 4 F,2 F, or 1 F. The

deep-isolation trenches 108 and shallow trenches 110 may have a generally rectangular or



WO 2009/ 105317PCT/ US2009/ 032357 -5- trapezoidal cross-section, and in
sonme enbodi nents, their cross-section nmay be generally uniform

t hrough sowe 2distosmee in the Y direction, for exanpl e tirmoushoms23s7

di stance | arger than one, two, five, or nore transistor |engths
(e.g., a distance corresponding to the |argest dinension of a
subsequently fornmed transistor). [00011] The deep-isol ation trenches
108 and shall ow trenches 110 may be partially or entirely filled with
various dielectric materials, such as high density plasma (HDP)

oxi de, tetraethyl-ortho-silicate (TECS), or spun-on-glass (SOG, for
instance, to electrically isolate featyres Additionally, the
deep-isolation trenches 108 or the shatlow trenches 110 nay include
various |liner materials, such as silicon nitride for exanE

reli eve HaPFapidyl F9sssisstion, apd B AeMEERbSigentsothel GISE-PHORTIY bameqlly
material. In some enbodiments, prior to being filled, the bottom of

t he deepmifgml Hupugh some distrase TOBe Y glijeptina fir edample Huq@ghanﬂista@ellzm@rehlm 0
further isolate subsequently-forned transistors. [00012] Next, a

buf f er romgiten, iR) of mofearamsigtor Bagthk [aus a distedtelrprrBdpGndiBg toTthe labgesf er
region 120 may be oxide grown by exposing the substrate 102 to
oxygen, démension df agubstyaele for&let @andstoyel y, or additionally, the
buffer region 120 nay be deposited, e.g., in a

chem cal vapor - deposition (CVD) chanber. The illustrated buffer region
120 is 40@)1apn oxTHe decpeisdlitidnsrapeheTa 0B hiyd diaBpo seachen 1 BXPP BEpRe4lly @ns
of the upper-doped region 104. The buffer region 120 nay have a

t hi cknesatitesSliddhaith A duddicRcic. mAGiale Qith 30 hidh Akt %r:z@asﬁta (HDPS Qﬂﬁe tetra-
enbodi nents, the buffer region 120 may reduce the kel i hood of

subsequeity 1%hh61§111@£19 (A @Wé%%nfoﬁws@gs@@y ?&%ngtmyqsgle%tﬁglﬁolh@ the

upper-doped region 1 or the | ower-doped regi on

2009/ 10534 4B¢ CTA&@%Q&%%@ ﬁée%-lscﬁatlon trenches 108 or the shallow trenches 110 may include

various liner materials, such as silicon nitride for example, to relieve film stresses, improve
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

subsequently-formed transistors.

[00012] Next, a buffer region 120 is formed, as illustrated by FIG. 3. The buffer region
120 may be oxide grown by exposing the substrate 102 to oxygen, e.g., in a furnace.
Alternatively, or additionally, the buffer region 120 may be deposited, e.g., in a chemical-
vapor-deposition (CVD) chamber. The illustrated buffer region 120 is a grown oxide, so it is
primarily disposed on exposed portions of the upper-doped region 104. The buffer region 120
may have a thickness less than 300 1?\, e.g., between 30 A and 150 A. In some embaodiments,
the buffer region 120 may reduce the likelihood of subsequent films and processes forming

stress-induced defects in the upper-doped region 104 or the lower-doped region 106,



[ 00013] A stop region 122 may be forned confornmally on the buffer
region 120, as illustrated by FIG 4. The stop region 122 may be a
nitride | aywerzpooamsBlft may have a thickness | ess than 1080r/¥§20@/092357
bet ween 100 A and 500 A. As expl ained below, in sonme enbodinents, the
stop region 122 can function as an etch or CWP stop (e.g., it may

sl ow an etch or chem cal - nechani cal planarization (CVP) process)
before the process penetrates the upper doped region 104.
Additionally, in sone enbodi nents, the transition to the stop region
122 may signal the appropriate tine to stop one of these processes.

[ 00014] Next, a lower-sacrificial region 124 may be fornmed on the stop
region 122, as illustrated by FIG 5. 'Fh sone enbodi nents, the

| ower-sacrificial region 124 is a blanket film made of polysilicon
with a tlAV@3hess Hetiegiondd? Aaybhe fgowd confoanyly ondhe ks reen RO0anyd
3,000 A. As explained below, material fromthis region 124 may forma
gener al |1juspated by AIGT hcEhaosiopusicion 132 giag daamnitridplayer andsit gy hsg.a thickness
[00015] As illustrated by FIG 6, an upper-sacrificial region 126 may
be f or ndessaimntINE0 Nower, bsmeen 10E&Aahd 6@ Ao sk2glainkd belhwsinemine dimbreditnents,
t he upper-sacrificial region 126 is nmade of a different material from
t he | owahe sagregfdncli?2alcat gtidn ds24 ctoh o @MP btbp{eeg. Sieinag klioweanre@dimt @herdikcal-
t he upper-sacrificial region 126 during a subsequent step. The

upper - safi¢chhni€dl planfu@gikion (AMB) pRYesoEhdi®ie eheQfrodsymnk@itys B upgtk @6pedlrgion
such as oxide, and it may have a thickness between 200 A and 3000 A,

e. 2., befpweandn@dalfy, 8 mkrAthofimeAdd iﬂeitﬁﬁﬁﬁ&ym t{i’ést@ﬂ Pe%foﬂamh\‘r]?a.ly}éigngﬂhe
y on

sonme enbodi ments, an anor phous-car bon- naski ng | ayer iy be forme

the uppefysaghd bl t8kiob &9k 8 hdROrodebtes WO 20091105317PCT/ US2009/ 032357
-7- ot hgl%peggodilrrents,oﬁt Ee uppe%%gcrels'fi cial region 126 and in the

maski ng region nay be omtted, which is not to suggest that any of

the ot hegod@ft ur efedi § Sr Qe IR iddidPdr4N0dy Rl 5 Ond¥ortilt §tb§thgion 122, as
illustrated by FIG. 5. In some embodiments, the lower-sacrificial region 124 is a blanket film
made of polysilicon with a thickness between 200 A and 5000 1?\, e.g., between 500 A and
3,000 A, As explained below, material from this region 124 may form a generally vertical face

on which a sidewall spacer is formed.

[00015] As illustrated by FIG. 6, an upper-sacrificial region 126 may be formed on the
lower-sacrificial region 124. In this embodiment, the upper-sacrificial region 126 is made of a
different material from the lower-sacrificial region 124 to facilitate selective removal of the
upper-sacrificial region 126 during a subsequent step. The upper-sacrificial region 126 may be
made of a variety of materials, such as oxide, and it may have a thickness between 200 A and
3000 A, e. g., between 500 A and 1500 A. Additionally, or alternatively, in some embodiments,

an amorphous-carbon-masking layer may be formed on the upper-sacrificial region 126. In



[ 00016] Next, a fin mask 128 is fornmed on the upper-sacrificial region
126, as illustrated by FIG 7. The fin mask 128 nay be patterned with
a vari ety WD 20¢%thssg? aphy systens, such as a photol it hogrGsz0e9s138™M
an el ectron-beam system or a nano-inprint system In sone

enbodi nents, the fin mask 128 is forned using a photolithography
system having a light source with a 193 nm wavel ength. The fin mask
128 includes exposed regions having a wdth 130 and masked regi ons
having a width 132. In sonme enbodi nents, the widths 130 and 132 are
generally equal to each other and each generally equal to 1 F. The
fin mask 128 may repeat with a period 134 that is generally equal to
2 F. The exposed regions and the nasked regi ons may be generally
parallel to each other and are generally perpendicul.ar to both the
ocp- | SR PBROTIEAEHYS LIt SR o & Sl 2O M U B EEdng gion may be omiteed
Additional ly, in sone enbodiments, the exposed regions and the masked
r egi ons Wgh Kagetoguggasethal any of e fogierfearpessliscasseq bereiswesy not alspse amitied
distance in the X direction, e.g., over a distance corresponding to
five or nore transistors. In sone enbodi nents, the fin nask 128 is

di sposed0H6hn ar Neyt. pdintmask 188 istfhenes tysthe wppsr-swpfigigbregiond 26,01 ilkustratnd
into a periphery portion of the substrate 102. As expl ai ned bel ow,

t he fi n hyddG. 1.28hady mgen Et8ahiybaimittcmed with apesetyiod lithagd ppsysieny, wth as a
subsequently-formed fins, isolation trenches, and gates. [00017]In
cert ai n photadichiopmph g systelne ah electiasbeahPGsteas osa nalodinpyied yystear §e some

al i gnnment margin conpared to sone conventional processes. Many of the
exi st i N@nfHolingdnts, &8 fAMmAske 28 WoA RO stHIS3h ORGTH RO () By s Bing Bhight
substrate 102, such as the deep-isolation trenches 108 and the

shal | ow sbﬁféé‘@v*i‘tﬁ?a 193 Qrpd SvcBRR A Athk Yintidsk QD8 dcidbdkpdsedirE 864 HARingASvidth
result, in some enbodi ments, the mask 128 can be shlfted sllghtly or

m sal i gnag ,an@hﬁn&dammx HB¥ing a\%laﬂnqlsé B méémaﬁﬁamame%ag@%d m{% 132

ultimate shape of the transistors. Simlarly, because nas
| I f
1261 n (hedSteiyy Shbaed S S WS PencP TRl 371 FTHHE R o rﬁf?m%w

margi n is..believ 0.l Nncrease cost s. 018 )

br cour sont ¥ egittdds by AEhaREy ?%’rﬁ@? Rafhe o el aségﬁr@si%‘e Kias
precur sor trenche 13 re fE etchéag the |on§ éf %ﬁ

subst r at'8?Y’ Qﬁzgeﬂ%}f‘ PP LRFeBy! ’h%l Fhe fﬁ@en ¥ 10 PR 44558 of

t he precursor trenches 136 nmay be generaIIX npl enentary to the
shape ofislfionttieicheadR8 arshthe wréowtf@ﬁclrwl%e ey t‘a'rﬁ”é’o‘ﬁlrS%‘F gmBpdigisats, the
etch, and it may renove a substantial portion or all of the

upper - s #&Posedl eqgins pag thermaplegl ragigns may haykergeseiely mritanalcrosegeasion pyer a
under the exposed regions. The etch may stop on or near the stop

regi on Xabstantinl distamceantiedi degrtion, eag. cdvangdisiance deeresvading &b fivomposit i on
of product gases during the etch may signal when the etch has reached
t he st opranggioon Id &#ne @nbddivecret, el fivayadkel A8iisrdidposed in an array portion of the

substrate 102 and does not extend into a periphery portion of the substrate 102. As explained
below, the fin mask 128 may generally define the position and spacing of subsequently-formed

fins, isolation trenches, and gates.

[00017] In certain embodiments, the fin mask 128 has a relatively large alignment

margin compared to some conventional processes. Many of the existing structures on the



[ 00019] After form ng in the precursor trenches, the fin mask 128 may
be renmoved, as illustrated by FIG 9. The fin mask 128 may be renoved
wi t h a varwetzgosasziechni ques, incl udi ng exposi ng the firCmeEseboohaBs5t o
oxygen in a furnace or a plasnma etch chanber. [00020] Next, a spacer
138 may be fornmed, as illustrated by FIG 10. The illustrated spacer
138 is a generally conformal (e.g., a material wth a generally
uni form thi ckness over horizontal and vertical structures when
appl i ed) oxide deposited on the substrate 102. In some WO
2009/ 105317PCT/ US2009/ 032357 -9- enbodi nents, the spacer 138 may be
the sane material as the upper-sacrifigial region 126, but a
different material fromthe | ower-sacrfficial region 124. The spacer
138 may have a thickness 140 generall reater than or equal to 1/16
F, 1/8 mpubgyate;}02, meh 3 hedgen-isplatigpirgns %Sgk% agd {{leghallopgtpenghest 1@ are
precursor trenches 136 to a wdth that is generally smaller than or
equal t genciplly gyifprm in ghe Y dizeqion.A4s e xgsili ingemp enbediments.shameskoldrean be
wi dth 142 may generally define the width of subsequently-formed fins.
[ 00021] Ahifed skightlyi egmishlégnsgaadeng tH3¥ axistvathoutsgnifitantl} 6feainy tiearldhethed,
as illustrated by

shape of the transistors. Similarly, because mask 128 is generally uniform in the X direction,

some misalignment of the mask 128 in the X direction may be acceptable. Increasing the

alignment margin is believed to increase yield and lower costs.

[00018] Next, precursor trenches 136 may be formed, as illustrated by FIG. 8. The
precursor trenches 136 are formed by etching the regions of the substrate 102 not protected by
the fin mask 128. Thus, the shape of the precursor trenches 136 may be generally
complementary to the shape of the fin mask 128. The etch may be an anisotropic-plasma etch,
and it may remove a substantial portion or all of the upper-sacrificial region 126 and the lower-
sacrificial region 124 under the exposed regions. The etch may stop on or near the stop region
122. In some embodiments, a change in the chemical composition of product gases during the

etch may signal when the etch has reached the stop region 122, or the etch may be timed.

[00019] After forming in the precursor trenches, the fin mask 128 may be removed, as
illustrated by FIG. 9. The fin mask 128 may be removed with a variety of techniques,

including exposing the fin mask 128 to oxygen in a furnace or a plasma etch chamber.

[00020] Next, a spacer 138 may be formed, as illustrated by FIG. 10. The illustrated
spacer 138 is a generally conformal (e.g., a material with a generally uniform thickness over

horizontal and vertical structures when applied) oxide deposited on the substrate 102, In some



FIG 11. The etch may be a generally anisotropic-plasm etch al ong
the Z axis, resulting in renoval of spacer material 138 from

hori zont al weubdsaoea7 For exanpl e, both the portion of tH@E/saewiobisst al
region 126 in the bottom of the precursor trenches 136 and the
portion of the spacer 138 above the upper-sacrificial region 126.
Renoving this material may form sidewal |l spacers that may further act
as a mask as the etch progresses to forminter-row trenches 144. The
etch nmay penetrate the stop region 122, the buffer region 120, the
upper - doped regi on 104, and the | owered-doped region 106. In sone
enbodi nents, the etch may be deeper thgn the shall ow trenches 110 but
not as deep as the deep-isolation trenches 108. The etch nay define
general ly straight and generally parallel inter-row trenches 144 that
have a ¢&Hediangn ?6 theispased 35 Bysbabe sanpnmaodsl a thepeeasiciifigialdpgemvde bith
the X dlrectlon a distance greater than five transistors. The
inter-r m/dlffwenioh@gm%mnh@y lavepr-saciifigiaditegiondl@dt Ahe spasergldfamayhaye @ thickness
to or less than 1 F, 3/4 F, or 1/2 F. In sone enbodi nents, the

i nt er - r dd0eeEndhegedddhamayr dgealbe | A6 &n1/8000r X4 &n Aht Op460138 meeps aevidth,
bet ween 2000 A and 5000 A. During subsequent steps, the WO

2009/ 10532 6P(EE/pus2 0PI R BESIAG-td/h width @izt fs@anérhibnahdkr fhdd ofeguabener, a4 F,
define the shape and the position of a dielectric disposed between
adj acentornges Af eipland B, Shis hARO%2 WK 142 afy QUi dafias thk4AdiRay be
formed in the inter-row trenches 144, as il lustrate by FIG 12. The
i [T ustraedqitigfolddgins146 may be an oxi de grown on exposed portions
of the upper-doped region 104 and the | ower-doped region 106. In

ot her enbodi nents, the outer liner 146 may be deposited by nethods

know R N To@r bR (FB3HaBR U85 And bGHARE 2 e B LORR, Aifludbated by

2 o and i n sone enbodiments, it may protect the
SFPEQ; gL sy 9{%&%@1&2@%%@? %fé%&%%&ﬂ%?f‘%ﬁ%ﬁﬂﬁﬂ%}n
i ner 14§mg@a¥ Pg ﬁyacegr m%g'la.? 3§ 1h gm%%ﬁ taeftsl? acgze Thgam]?l oth ghe ;13)5 TlO#%f gy

be a n|tr|de ep OSI on't e subs Fa I nhé |ner

148 hay t hi t . 0. 30 A 100
A B S CRETEIA BT an r%?tﬁfeﬂro??}remé?cuwgvfﬁr&%%}ﬁeﬂ B hokior of B spacer
i ner 1%% . a TECS lLiner having a thickness hetween 100 A and

300 A 56@%’]‘3&%&?PP65FFCPE‘F@¥ IeRion, 146- eR@ewln%thi%l@atﬁw mpay TP el spegras

substrate 102, as
that may further act as a mask as the etch progresses to form inter-row trenches 144. The etch

may penetrate the stop region 122, the buffer region 120, the upper-doped region 104, and the
lowered-doped region 106. In some embodiments, the etch may be deeper than the shallow
trenches 110 but not as deep as the deep-isolation trenches 108. The etch may define generally
straight and generally parallel inter-row trenches 144 that have a generally uniform cross-
section over a substantial distance in the X direction, e.g., a distance greater than five
transistors. The inter-row trenches 144 may have a width 146 that is generally equal to or less
than 1 F, 3/4 F, or 1/2 F. In some embodiments, the inter-row trenches 144 may be between

1000 A and 10,000 A deep, e.g., between 2000 A and 5000 A. During subsequent steps, the



illustrated by FIG 14. The inter-row dielectric 150 may be nade from
or include a variety of dielectric materials, such as a spun on

di el ectri cwpS@D)10531N sone enbodi nents, a SCOD i nter-row RITAIR2e0M08235150
may be densified by heating the substrate 102 to drive volatile
compounds fromthe inter-row dielectric 150. During densification,
one or nore of the liners 146 or 148 may ease filmstresses fromthe
shrinking inter-row dielectric 150, stresses that coul d otherw se
cause slip, or msalignnent of the crystal planes, in the substrate
102. WD 2009/ 105317PCT/ US2009/ 032357 -1]- [00025]As illustrated by
FIG 15, a top portion of the substrapF 102 may be renoved after
formation of the inter-row dielectric60. In sone enbodi nents, the
top portion is renoved with a CWPjprocess that stops on or .in t he

| ower - sdBFI-fIvEigichelfitanayigzacraify deliphg,apeand %9085@11@# d-Sisdqcticedisngyed
phenonena that arise during the transition into the |ower-sacrificial
regi on leiweeErgiapingovifol diaasistplienonmena i ncl ude a change in the
optical properties of the substrate 102 (e.g., color or

reflect|V|tyi a change in the chem cal properties of waste materials
(e.g., dO®Z3lnds Nexwaspeteslingr 149 mappe formpdmgbe intertrpe tisndisadidd ab
properties of the substrate 102 (e.g., sliding friction).

Al t er natillysttlategd bg FIGdH. tTheriBbdtpted ohter tinm 186 ntay ba anbxitlh eroswbstexpbed 102
may be renoved with an etch that stops on or in the | ower-sacrificial
regi on Ifddionk GO @appdridoped RpicdX09aad the hevdraivped 2aivni106 C [vbthéregibodinidd,
for renoval, so that a sidewall spacer can be forned in its place, as

expl ai napk BRbAWer 145 TBe @IFOSIEHINE Mhethods REow MBE a8 AThé fihdingly Ha@@h ON
124 is renoved with a wet etch that is generally selective to the

mat eri algibkRe W G 14eAl @g’\@io ®30rA fahe h?émﬁe%ﬁ%ﬁm%e%‘?s it%a@‘}ﬁ’&eet%e&zppeﬁ
wet etch that is generally selective to polysilicon, such

tet ramt&&}ﬁé&@f&ﬁ'19%11%’{%‘?8%&%%%%\4%@0&6@ﬁmnm%ﬁtsiﬁé’&ggh&fﬁ& by rem)V' ng

the | ower-sacfifticial region have at generally
corresponds with (e.g., is generally equal or proportional to) the

wi dth 1‘?[80(%3 the A lrﬁ%qatreggg?ﬂg OlfB Euhﬁm& lﬂlfgglﬁiﬁa é;ﬁe ﬁ)ﬁjn l;hes frate 102.

verti cal’, osed su aces 'hé’ spacer prOV| a surface

upon wh '"ﬁlh %B:b E% Sﬁ%%%r iRy la bE: d¢ osrirrgg o el sblﬁstxfa%eoﬂ)Za %113 ?qn%lpﬁneg ghes

and fins. another: g ace ormed on

o a &?ﬁr?ag’*@ﬁ% e wmé@&%ﬂs@% ofgine Sbod oS

another liner may be formed on the inner liner 148, e.g., a TEOS liner having a thickness

between 100 A and 300 A.

[00024] Next, an inter-row dielectric 150 may be formed on the substrate 102, as
illustrated by FIG. 14. The inter-row dielectric 150 may be made from or include a variety of
dielectric materials, such as a spun on dielectric (SOD). In some embodiments, a SOD intex-
row dielectric 150 may be densified by heating the substrate 102 to drive volatile compounds
from the inter-row dielectric 150. During densification, one or more of the liners 146 or 148
may ease film stresses from the shrinking inter-row dielectric 150, stresses that could otherwise

cause slip, or misalignment of the crystal planes, in the substrate 102.
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WO 2009/ 1053171TT/ US2009/ 032357 -12- inner |liner 148, the inter-row
dielectric 150, and the stop region 122. In sone enbodi nents, the
second spawenro®ids31s made of the sane material as the PCFUS2009/032357

| ower-sacrificial 124, e.g., polysilicon. The spacer 154 nay be a
generally conformal film deposited on the substrate 102 to a

t hi ckness 156 between 100 A and 1000 A, e.g., between 200 A and 600
A. I n sone enbodi nents, the thickness 156 may be greater than, |ess
than, or generally equal to 1/8 F or 1/4 F, and the spacer 154 nmay
define a gap 158 having a wdth 160 that is generally |less than or
equal to 1/4 F, 1/2 F, or 1 F. As expl ai ned below, the thickness 156
may generally define the width of sub3€quently-formed gates, and the
wi dth 160 may generally define the width of subsequent|y-fornmed fins.
[ 00028] A80025] ust r Asdlpspted PBFIGELS, o kP Rosisd tagoaberate K maw /bayemoved
ani sotropically etched to form sidewal |l spacers. The etch may be

per f or meaditer fermatirned iee intechow Higldstic, 158ndh samermmybogimrais Hieyop portiveisa
substantial portion or all of the spacer 154 from horizontal surfaces
whi | e | eembvrg veittsaOdPaprbeeaatb thaostopsam wfin thhdovepaeseificid dgthsidds dtie EMP
vertical surfaces. The etch may stop on or in the stop region 122,

t he buf fesceseghpbe didbhoitted bphaapperia tlapeide dagizahe tilkitichQRO 2] 18iter
etching the spacer 154, another sacrificial region 162 may be forned
on the sUbstdiat&idDR4. Bxainpled st Sidh @Herldyneld faciuli® a cildige i the Shii@l fdperties
sacrificial region 162 may be an oxide that is deposited to a

t hi cknesg qRed.naer: IJ(QQE:'% 28Er a‘lqgﬁeﬁfv_it?)l, lg chan@@ tge Bhélg%ll%rcﬂn@pde@ gpw@&t?

The sacrificial region-162 may partially, Substantially, or entirely

(111 L NEAA0 e o RombBukRTP WSO A-IR B Senah ALin AL floM prb ROADE HR2

may be a terial fromt second spacer a

cilrtate
sel ecti e LSIONAlC of JfdIS, ARAGS! SuilefARy 2 bRRoRTSORE ARG e VO

2009/ 1053

substrate 102 may be removed with an etch that stops on or in the lower-sacrificial region 124.

[00026] This step exposes the lower-sacrificial region 124 for removal, so that a sidewall
spacer can be formed in its place, as explained below. In some embodiments, the lower-
sacrificial 1'e:gi011 124 is removed with a wet etch that is generally selective to the material from
which the lower-sacrificial region 124 is made, e.g., a wet etch that is generally selective to
polysilicon, such as a tetramethylammonium hydroxide (TMAH) etch. The space left by
removing the lower-sacrificial region 124 may have a width 152 that generally corresponds
with (e.g., is generally equal or proportional to) the width 132 of the masked region of the fin
mask 128 (FIG. 7). The vertical, exposed suifaces of the spacer 138 may provide a surface

upon which sidewall spacers may be formed to position and shape gates and fins.

[00027] Next, another spacer 154 may be formed on the substrate 102, as illustrated by

FIG. 17. This spacer 154 may be made of a different material from the earlier spacer 138, the

11



-'3- [00030] Next, a top portion of the substrate 102 may be renoved,
as illustrated by FIG 20. The top portion may be renoved with a

vari ety ofwproeassas, including an etch or a CVMP. | n samE/us2009/032357
enbodi ments, the substrate 102 is polished until a top portion of the
sidewal | spacers formed fromthe second spacer 154 are exposed.

[ 00031] As illustrated by FIG 21, the second spacer 154 is renoved
fromthe substrate 102. The second spacer 154 nmay be renoved with an
etch, e.g., a wet etch that is generally selective to the nmateri al
fromwhich the second spacer 154 is nmade. For exanple, in enbodinents
in which the second spacer 154 is made _from polysilicon, the second
spacer 154 may be renoved with a TMAH V&t etch. [00032] Next, an etch
may renmpve nmaterial fromthe portions of the substrate 102 exposed by
r emovi ngnigidingieldSnite perciar didectria 3G, pnq die siop segiery 142 dp sope enpprdientp
may formgate trenches 164, fin rows 166, and insulating projections
168. Thehgsecend spaersHes istsaernd jhecsamh niséerid] ay1be loavebetomdicial b’gbh-gof t he
fin rows 166 and the insulating projections 168. The substrate 102
may i nclpetisilicon- Ghd gataréhd hes bi 6 4efiaynllyeaoformaifilmodept 6&d @n dheembitrate 102
insulating projection 168. The illustrated gate trenches 164 are

di sposedo haliidierss 13ebefvaen 100 2haaQ 0aMA, &be bétwserd 2000 Agnd6@j Rcli @as 168.
In the illustrated enbodi nent, the etch does not renove material from
the i nt einto@ihcdhkse iR Ghitkimessl B3, ma Kk drbfer thaiilead 1B 0P keiepalylqnd tb NElrugle
the inter-row dielectric 150 sandw ched between two portions of the

upper - dopef, 1aGhOdpadd4 52086y 4BEnd LIRS AREH: h SR N68 BBt isloBnd?iI}BEss than or
enbodi nments, though, the e?ch may~ consune these portion$ of the

upper -d %Hﬁﬂ to VY@ 12, QO ) 3¢ %Ea‘é%fiﬁ*%@ %91/09/?’ @ Mickness 156 may generally define the

width of subsequentiy-formed gates, and the width 160 may generaily define the width of

subsequently-formed fins.

[00028] As illustrated by FIG. 18, the second spacer 154 may be anisotropically etched
to form sidewall spacers. The etch may be performed in a plasma etch chamber, and it may
generally remove a substantial portion or all of the spacer 154 from horizontal surfaces while
leaving a substantial portion of the spacer 154 disposed on vertical surfaces. The etch may stop

on or in the stop region 122, the buffer region 120, or the upper-doped region 104.

[00029] After etching the spacer 154, another sacrificial region 162 may be formed on
the substrate 102, as illustrated by FIG. 19. The illustrated sacrificial region 162 may be an
oxide that is deposited to a thickness between 100 A and 1000 ;&, e.g., between 200 A and 600
A. The sacrificial region 162 may partially, substantially, or entirely fill the voids 158. In
some embodiments, the sacrificial region 162 may be a different material from the second

spacer 154 to facilitate selective removal of the spacers formed by the second spacer 154.

12



-'4- region 104 and the | ower-doped region 106, and material fromthe
inter-row dielectric 150 may define part of the gate trenches 164.

[ 00033] Thewbeatwmss7 164, 166, and 168 may be forned w tiCRUQeR@sHET v
ani sotropic etch that etches between 500 A and 4000 A into the
substrate 102, e.g., a between 1300 A to 2500 A. The gate trenches
164, the fin rows 166, and the insulating projections 168 may be
general ly straight and have a generally uniformcross-sectional shape
through a substantial distance in the X direction, e.g., through a

di stance greater than five transistors. The structures 164, 166, and
168 may be generally parallel to one another and generally
perpendi cul ar to the shal | ow trenches*#10 and t he deep-isol ation
trenches 108. The gate trenches 164, the fin rows 166, and the

i nsul at i[AYP39} oj ecNesha taramrivenofiibg Bibgiraig Hiygay horempyed, agHlgstiated by FIG.
respective%y, that are generally equal to or less than 1/4 F, 1/2 F,
or 1 F. 20n Tdeter rovtyeinaebe smoveewphn veraty of pro¢rssqgaineluding ae bigh 01 §GMP.
the fin rows 166, and the insulating projections 168 may repeat with
a peri odnidte gabedimkhty, theadbbtrdto 16 islpekshed hatil a3op-porflof-pf e sidéRalFspacers

[ 00034] Next, the substrate 102 is planarized wwth CWP, as illustrated
by FI G f2dnedlfrons tHigBecimb@paceed4sare Elydséy renove the remai ning portion
of the sacrificial region 162 and the |iner 138, and in sone

enbodi ments, it nay al so renbve a top portion of the inter-row

di el ect 003150, t e ilishamed by FEG. 2idfhe sedddd bhReSIANs fep@vedfrdddhe sb&rate
pl anari zation may stop on or near the stop region 122. After

pl anari zjgng Thé Fecs/IEaEINGH B Bk Semd 28 vathRBltcAt &2 10 % ciBYn DEt GloiRad to
renove CVMP-slui Ty residue. In sone enbodi nents, the substrate 102 nmay

be cl eangd iVeltH aldim 84 RA HoRBwhilE R UBSa dhdeerl P it thally GEQTLMBEIE Graci d,
whi ch could create pits by W) 2009/ 105317PCT/ 1152009/ 032357 -' 5-

embodiments in which the second spacer 154 is made from polysilicon, the second spacer 154

may be removed with a TMAH wet etch.

[00032] Next, an etch may remove material from the portions of the substrate 102
exposed by removing the second spacer 154, as illustrated by FIG. 22. The etch may form gate
trenches 164, fin rows 166, and insulating projections 168. The gate trenches 164 may each be
disposed between each of the fin rows 166 and the insulating projections 168. The substrate
102 may include two-gate trenches 164 for each fin row 166 and each insulating projection 168.
The illustrated gate trenches 164 are disposed between the fin rows 166 and the insulating
projections 168. In the illustrated embodiment, the etch does not remove material from the
inter-row dielectric 150, and the insulating projections include the inter-row dielectric 150
sandwiched between two portions of the upper-doped region 104 and the lower-doped region

106. In other embodiments, though, the etch may consume these portions of the upper-doped
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preferentially etching certain crystal orientations of the
upper - doped regi on 104 and the | ower-doped region 106. [00035] As

i Il ustrat edolzgosFbs317 24, a gate dielectric 178 may be f ararak2009/081387
gate trenches 164. In sonme enbodi mnents, the gate dielectric 178 may
be deposited with chem cal vapor deposition (CVD) or atom c |ayer
deposition (ALD), or the gate dielectric 178 nmay be grown by, for
exanpl e, exposing the substrate 102 to oxygen. The gate dielectric
178 may be nade of a variety of dielectric materials, such as oxide
(e.g., silicon dioxide), oxynitride, or high-dielectric constant
material s |ike hafnium di oxi de, Z|rcon|un1d|OX|de and titanium

di oxi de. I n sone enbodi nents, the gaté dielectric 178 nay have a

t hi ckness of | ess than 300 A e. bet ween 30 A and 150 A

[ 00036] Nesien 1@ @’éitfbe lonteeflpped ragon h%a%mﬁ@mle@%ﬂieﬂmf@ wubdeleetrie 1 50may
as illustrated FIG 25. The gate material may be one or nore of a
variety(bﬁﬂ@Bﬁﬁ@%h¢y@Cﬁﬂué¢SHMs such as doped pol ysilicon, tungsten
titanium titaniumnitride, or other appropriate materials, and it
may be formed with a variety of processes, such as phyS|caI vapor
deposi t i[B803BPVD) dhe foedres] I6A0EF] axfd 68 niayrhei fognadhveitiya genersly eniisetiopiBOch
a top portion of the gate material 180 nmay be renpved fromthe

subst r atthat E@Bes trgwidnl W06 th atdethODA HtoGhe Abbstrath @0 at e, almteedna300 S00 a0 A.
be renoved with a variety of processes, such as CWP, plasnma etching,
wet et clihegatearencteibofatid nfovisnes &ml thd s QTR RHBAbNIEFE Gay bdgengalle
material 180 is recessed by a distance 182 that is generally less

than or sgidRd anti®atdPBenbyall uglfmlﬁ)&{)y&%&lcgﬁps SihtbuaQQ sfbstahlig] Hitslcant e
182 may al fow t he top of the gate material 180 to be above the bottom

of the @P@@éc‘u@ﬁ’ﬁ:e@, thM@o@QQ%(a%Qé%%zﬁ?%é&%@a%ﬁ%@%e sﬁﬂét&%s %6’%166 aﬁd1

the gate material- 180 ray at |east partially overlap the upper-doped
s §2t 288 ma ?ﬁ%@%iﬁwg%ﬁ“t°§teé§&@h Sefte ?@‘éfq’%}ﬁ%"%@é ot difol ™ O
T ustr SR 260 R BRRET FaknriE s 1P eTts Pud Rt %@sﬁnf%m%m

adj acent egmsu atil'n%Aino_leanb%? 1g§/m%)b ﬁavler;is\%d% 19(9 i O:ln% thgsspeg't?vely, that are

generally equal to or less than 1/4 F, 1/2 F, or 1 F. In some embodiments, the pattern of the
gate trenches 164, the fin rows 166, and the insulating projections 168 may repeat with a period

176 generally equal to or less than 3 F, 2 F, or 3/2 F.

[00034] Next, the substrate 102 is planarized with CMP, as illustrated by FIG. 23. In
some embodiments, CMP may remove the remaining portion of the sacrificial region 162 and
the liner 138, and in some embodiments, it may also remove a top portion of the inter-row
dielectric 150, the inner liner 148, and the stop region 122, The planarization may stop on or
near the stop region 122. After planarizing, in some embodiments, the substrate 102 may be
cleaned to remove CMP-slurry residue. In some embodiments, the substrate 102 may be

cleaned without exposing the substrate 102 to hydrofluoric acid, which could create pits by
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[ 00038] The illustrated gates 184 and 186 may be less likely to short
to one another than gates in sone conventional designs. In one
enbodi nentwoaopansiion, e.g., approximtely half, of theqat®odorsnshes
164 are defined by the insulating projections 168, thereby formng
trenches 164 that are insulated in at |east one direction, e.g., the
direction of the closest, adjacent fin row 166. Thus, the illustrated
gates 184 and 186 are forned by recessing the gate material 180 into
the pre-isolated gate trenches 164. The gates 184 and 186 of this
enbodi nent are believed to be less likely to short than gates of
conventional designs, which often include gates that are isol ated
after the shape of the gates is generaﬂ%y defined. In other words, in
some conventional designs, the gate determnes, at |least in part, the
shape ofPrefpisniialyestching Erigingrstal prientatgms pbts uppertdeped iegigs tl P4 prdithe lower-
enbodi nent, the shape of the insulating structure between the gates,
i.e., thiepedwegioatlDhg projections 168, at |east partially determni nes
t he shape of the gates 184 and 186. This is believed to increase the
efficacy of the insulating projections 168 in sonme enbodi nents,
because [08B5] nsul disiiliggtrpicd peFlG.cldsa §88 dislestricuds maydegainivd i dtevgeten
gates 184 and 186 before the gates 184 and 186 are fornmed. WO
2009/ 1052hdRETHUSRO0Se@Biba8iMmentk/ the [g80 ARYckicl V8 ahayt Healepbdited tMitalchemitaln
rows 166 nay cooperate with the adjacent gates 184 and 186 to forma
pl ur al i twip&fdepssitisn €VID)Sor 2BBic Ther (&ﬁa@@mﬂ(fAUllﬁl’&r taé gdth Bielec@RY78 Ak De
188 is illustrated by FIG 27, which illustrates t he shape of the
sem condusii ¥ fOxhnGR, Spoding tHRGkBstlafcAMits bfeed 8Bhe JdMEdiklebtist 7@ LR be
transistor 188 includes a fin 190 rising froma basé 192. The
illustr i ' Ko RS Ll an, W : : d
196 Separ e ol By e E ol e DBl Gk eln YRRy
the voi 4198 1.5 ] e 1 . . nd.the vai 98
qlffe &eleahlggéﬂgﬁ&%hg%%ehgﬁé&g gi%ﬂlﬂl% 51% 188,?3’%%1‘1@%1}1%6%1361_%%d tﬂﬁﬁm‘k

ext ends ow t er-dope

and a1 QoS oS g o PRimP b E ek PR 2h Mg LSRR of R B #OUA.

190 al so includes . tswo opposi ng si des 200 and 202 that may be
gener al %8~ &P’é‘?epépﬁ"i‘f‘doﬁﬁ “4nother, generally angled with respect to
one another, or generally curved with respect to one another. Edges

204 and f the fin 188 na ener al | er pendi cul tQ the

ot dee 28WEE 200 Rgwe gaﬁwf%ij@a%m onpdy y{be sSehstepien0L ga fsstisied by
angled with respect to one another, or generally curved with respect
to one afGtfrerIhetsonveial My L0F BMOKeRd atviety 8 Songgotive ARALITE, fHE as
function as a source and a drain, and the transistor 188 may

sel ect i Wepsd radysilicen, tpgsten) Bignigm, dtaniusnnitrisiet eensher pprropidale matesinld, and ét
drain according to a voltage of the gates 184 and 186 (FIG 26). Wen
t ur ned oy helfermdd wigt a wriety ¢fimansiss onclil8hgstabyhpahiegositiaaR¥ DAkt ¢VD.
vertical channel represented by arrow 208, illustrating current flow
bet ween the source and drain. The channel 208 may be established by
el ectri §0G038] ds endipaformipgftheogate metetivlo 80t top pdBidn afithe b8G. maférial 43 may
184 and 186 may be energi zed according to a variety of patterns: both
gat es 184 rancved BHnmhy siistretad 0 a3 éthsgane bAFIQ. 261 Mk kal eatsiay 1800mney Bat e
184 and 186 may be energi zed, but not the other; or the gates 184 and

removed with a variety of processes, such as CMP, plasma etching, wet etching, or

combinations thereof. In some embodiments, the gate material 180 is recessed by a distance
182 that is generally less than or equal to 1000 A, e. g., between 200 A and 500 A. The distance

182 may allow the top of the gate material 180 to be above the bottom of the upper-doped
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WO 2009/ 105317PCT/ US2009/ 032357 -18- 186 may be energi zed i ndependent
of one another. In sone enbodi nents, the gates 184 and 186 may
partially wo2emstiosaby circunscribe the fin rows 166, e.ET/UL2@/03B35ES
184 and 186 may connect at one or both ends of the fin rows 166. The
illustrated transistors 188 may be referred to as dual -gate
transistors or nulti-gate transistors, as they have a gate 184 and
186 adj acent each side wall 200 and 202. [00041] The previously

descri bed enbodi nent forns the structures extending in the X
direction, i.e., the fin rows 166, the gates 184 and 186, and the
insulating projections 168, with a single |ithography step that is
described with reference to FIG 7. Ofér enbodi nents may formthese
structures 166, 184, and 186 with two or nore |ithography steps but
fewer stregen dVhiah e sais rexeriabll 80 BRy ailetst BMH@M‘@EFM%PN@P%%’E@E@QOQ 104.
illustrated by FIGS. 28 through 37. As explained below, this

enbodi mdntoné erobedimentf agssing thecgatssmateidgid 80 intto thaeamdatnclieoda4 forms gates 184
| i t hography step conpared to the above-described enbodi nent.

[ 00042] AsdilBé.uSha @texd SBynd-1 88 m2Bbe dispcsed ob oghonirdiddsed kirrSinvotvia 166, and the
provi ding a substrate 210. The substrate 210 may initially undergo
the prodishacdgans18hadl WMoons b ddeuidall@isened ffomn il 4dfacedt @Rl 8.or ASG By
result, the substrate 210 nmay include an upper-doped region 104, a

| ower - dapegsif@oYProjb&fons d68P- 1 sol ation trenches 108, and shal | ow
trenches 110. On top of these features, a first-fin mask 212 may be
formed. The first-fin mask 212 may be nade of photoresist, or it nmay

be a hargoomssk. Thee flivs@ited pdlesRAland 186 FRY bOR PR PIONREI YA 42 28BN eOhan
the |ithography systens descri bed above or sub-Ilithographic

techni qugRs iPHnlk @avdERhadetifls WondBRKoSALRT %ﬁ&ﬂ %zg.,%gpl‘é%&%&y ha
dewal | In th

If, of
pitching via a si spacer. sone enbodi nents, first- WDO

2009/ 10%&"@?&%[1%&093%/ D34Hbd by the insulating projections 168, thereby forming trenches

164 that are insulated in at least one direction, e.g., the direction of the closest, adjacent fin row
166. Thus, the illustrated gates 184 and 186 are formed by recessing the gate material 180 into
the pre-isolated gate trenches 164. The gates 184 and 186 of this embodiment are believed to
be less likely to short than gates of conventional designs, which often include gates that are
isolated after the shape of the gates is generally defined. In other words, in some conventional
designs, the gate determines, at least in part, the shape of the inter-gate dielectric, whereas in
the illustrated embodiment, the shape of the insulating structure between the gates, i.e., the
insulating projections 168, at least partially determines the shape of the gates 184 and 186.

This is believed to increase the efficacy of the insulating projections 168 in some embodiments,
because the insulating projections 168 obstruct the paths between gates 184 and 186 before the

gates 184 and 186 are formed.
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-19- fin mask 212 generally defines exposed regions with a wdth 214
and masked regions wwth a wdth 216. In certain enbodi nents, these

w dt hs 21l4wendes2issiare generally equal and each gener alBor/esromio313e7 or
|l ess than 1 F. The first-fin mask 212 may repeat with a period 218
that is generally equal to or less than 2 F. The illustrated exposed
regi ons and masked regions are generally straight, generally parallel
to nei ghboring mask structures, and generally perpendicular to both

t he deep-isolation trenches 108 and the shallow trenches 110. The
exposed regi ons and the nmasked regions of the first-fin mask 212 may
have a generally uniformcross-section jhrough a substantial distance
in the X direction, e.g., a distance g’ eéater than five transistors.

[ 00043] Next, inter-row trenches 220 are etched, as illustrated by

FI G 29.0088321  nt e Bagtorl the Blyetraied Hropwsd(o may spenseaie with gheadinspms gaiep |84
ani sotropi c plasma etch, and they may extend a distance into the
subst r ataad 280t fieam aipburglits af wansistran 1§ el heespane abpart hiths randisorstlB&kches
108 but not as deep as the deep-isolation trenches 110. In other
enbodi nahesratetlive HiGt 25, whinlv itlrsenehde sB2@ ofehe dsaigedertiat pyrtias oflesipglas
or deeper than the deep-isolation trenches 110. The bottom of the

i nt er - r awntisten cdse STt AMusiraed hendingl B3tiadudes t final 90 irieing {10804 Bisk AH2. The

i npl ant (not shown) to isolate subsequently-forned transistors.

[ 00044] ABustiated Finl 130 @6t 1ies brbifstal Btiod Iti@twB 1<zB i1 0P atd B 6l sBp Rhited BYa generally
trenches 220, the first-fin mask 212 may be renoved, and an iInter-row

di el ect riyghaped veay 9B erd BlRfbollihehNehe VL9 1@ Worie8 BG BRSh AR 2 h 39 Bind
enbodi ments, the inter-row dielectric 222 may be formed wth CVD,

rmter ol PR e O B SRR B B B S0 SR A5 s 194
Nt g A O LU e
106 and 9onibt itace s hEF L EaRCERRERSB opmft i MpastFiE PEEEIIE The
i el ot EPEeBPaIoh el BT A BFES BURSHeHaeTS SoREh Sy Sl

CWP or an etch to generally planarize the snface of the substrate
210. curved with respect to one another. Edges 204 and 206 of the fin 188 may be generally

perpendicular to the sides 200 and 202 and generally parallel to one another, generally angled

with respect to one another, or generally curved with respect to one another.,

[00040] In operation, the two legs 194 and 196 may function as a source and a drain, and
the transistor 188 may selectively control the flow of current between the source and the drain
according to a voltage of the gates 184 and 186 (FIG. 26). When turned on, the illustrated
transistor 188 establishes a generally vertical channel represented by arrow 208, illustrating
current flow between the source and drain. The channel 208 may be established by electric
fields emanating from the two gates 184 and 186. The gates 184 and 186 may be energized
according to a variety of patterns: both gates 184 and 186 may be energized generally

simultaneously; one gate 184 and 186 may be energized, but not the other; or the gates 184 and
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[ 00045] Next, as illustrated by FIG 31, a second-fin mask 224 may be
formed. The second-fin mask 224 may be m saligned with respect to the
first-fin wasko201py a di stance 225 general |y equal tocameszmlob2et
the period 218 of the first-fin nmask 212. For exanple, the m dpoint
of the masked regions of the first-fin mask 224 may be separated from
the m dpoint of the nmasked regions of the second-fin mask 212 by the
di stance 225. Additionally, the m dpoint of the nmasked regions of the
second-fin mask 224 may generally fall on or near the edge of the
masked regions of the first-fin mask 212, as illustrated by the
position of the second fin mask 224 rg}ative to the edge of the
inter-row dielectric 222 in the inter*¥w trenches 220. The
second-fin mask 224 may general ly define an exposed region with a

wi dt h 2280mY bs cheigiced MAsRRngrntRe Pre anoiert 1 somg embrdisieniathe gples 19 pd
repeat with a period 230. In sone enbodinents, the period 230 is
gener al | \36appyartiafly ohentgely cenpseg bo thefingows 164, £fg.thangadds 134 and THfemay

wi dth 228 of the nasked regions may be generally equal to or |ess

t han 1 FKonidgcPatfene or bdth 4nds, of lthe forerowai LA6 e Thoidliusteatedstransis@rani Strivy tefrefetred
masked regi ons of the second-fin mask 224 are a fraction of the

wi dt hs 2dGs dialichte tmasied of egitbgge ohnsiduas,fak el -hhida gms k8424ha, 186 adjacent
generally equal to or less than 1/4 or 1/2 of the width 216. The
exposed delpiianealang) ssked regions of the WO

2009/ 105317PCT/ US2009/ 032357 -21- second-fin mask 224 may be
generally straight, generally parallel to a neighboring nmask

st ruct urfeeogggner atrhy Fﬁaroaklbabscﬁaed dibddith@it 6 ol RlueGldsiekteRdiRg iroRE X
general |y perpendicular to both the deep-isolation trenches 108 and

t he shaldiQuid, EACHE $in 1dWs 169) re8E0 M8k £ld™ BN (R thsilBin@YRcthons 168, with
generally uni f orm cross-secti on t hrough a substantial distance in the
X direct, o i ol Ry apgil : X

$Hble ﬁthgﬁl?}?}ﬁnb r@g%qgg‘?&ﬁ%&ﬁ% 1%1%%02 bo/BIG. 72 0ther El%)?/dlg]fﬂnts may

[00046]f%e secon ormed with a variet

techniq , I i i £ S, ) cond-fin npsk 224
o mada 97 SREEPEANE 8o, 163, SRTRe RIS SE R i PR ARS vl R e
ot her enbodj.megnts, the_.second-fi.n mask 224 .ig. forned
Goubl e- SEeH Ag SomblSpe SER e tteTRE RSt oPupney FIES: 28 dumsba. A
t he second-fin sk 224 y be formed b atterning a precursor mask
with mfﬁé@aﬂﬁﬁ%a&gw&h&ﬁ @Hggéﬁe%@fl%éaﬁgﬁ%efg%f Ftapy %Pge%fi?ﬂwwel#ﬁ%@@d
region of the illustrated second-fin nmask 224 and, then, form ng the
second- fSteR CREPRIES pythg abayerfleseiibed sishedimenton t he sides of the precursor
mask. [00047] Next, sidewall spacers 232 are forned on the sides of
the secaond-fin mask 224, as illustrated by FIG 32. The sidewall
spacer s [88¥2hny pésilbstagd By Fi{épSsihis emepodinpans hrgins with progidingesubstrate
substrate 210 and, then, anisotropically etching the film In sonme
enmbodi nerPs The pbstsate dlihinky dptadiyruadage thegyodgeseprdeberiedd abardwith referencetiey
may have a wdth 234 that is generally equal to or less than 1 F, 1/2
F, or 1/HIGH, ] Tiwel. sholewatlk, depmberase 282nampipclded ameppar-degedwedidn E)4wh thivier-
236 that is generally equal to or less than 1 F, 1/2 F, or 1/4 F.
doped region 106, deep-isolation trenches 108, and shallow trenches 110. On top of these

features, a first-fin mask 212 may be formed. The first-fin mask 212 may be made of
photoresist, or it may be a hard mask. The first-fin mask 212 may be patterned with any of the
lithography systems described above or sub-lithographic techniques, such as resist reflow,

mask undercutting, or double pitching via a sidewall spacer. In some embodiments, the first-
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[ 00048] Next, the second-fin mask 224 may be renpved and gate trenches
238 may be etched in the substrate 210, as illustrated by FIG 33.
The gat e twonelass238 nay be fornmed WO 2009/ 105317PCT/ USANR2HOR2B57
-22- with a generally anisotropic etch that is nasked by the sidewall
spacers 232. In sonme enbodi nents, the gate trenches 238 are deeper
than the shallow trenches 110 but not as deep as either the inter-row
dielectric 222 or the deep-isolation trenches 108. The gate trenches
238 may be between 500 A and 3000 A deep, e.g., between 1300 A and
1700 A. The gate trenches 238 may be generally parallel, generally
straight, and generally perpendicular_} bot h the deep- |solat|on
trenches 108 and the shal |l ow trenches™?10. In this enbodi nent, the
gate trenches 238 have a generally uniformcross-section in the X

di r ect i dH PRI IEeREr AR qxgpseéulgﬁl%mcv@th pwiith 214 andapaskedregioayvish 2
than five transistors. [00049] 1 n sone enbodi nents, fornmng the gate

t r enchesvigthd lfmn edrigin gyelpsivagntsy theperyidhsrid dasd 16 ue gedarailyrequal 2pd @achnd

i nsul ating projections 242. The illustrated insulating projections
242 ar e gengreltypapebiolye lase tan édc Mheffirttiim mask 242 netyeepehi with opsiddAd§ tieat ¢k
in sone enbodi nents, each fin row 240 is separated from an adj acent

i nsul at igagerpltygepal toan 134 thand FeiThaéliusehidé ciposghtegiohs schakeFgionAsre

wi th the previous enbodi nent, because the position and the shape of

the il yghdralledragit eehsreMe feslled Bncadi®oais heaSrupmids| Ag)émﬁﬂi)* ned by
removing material to formthe insulating projections 242, gates

formed igergei@icdat @ bbiahe B&@ oI ARNARL 18¥ §6h e sRflolvaSchds Kb, yTﬁeo

short to one another. [00050] Next, a gate dielectric 244 may be

f or med 'ng(Bs@@ r&38 ahd ﬁf@%ﬁcd%%%on@&f thd M8 kih él?QZPymg)lf gtlve%dfrgnéml?y S8ffm

dielectric 244 may be deposite rown, an

variety c?gss Qéc%oﬁ?ﬁléféﬁl ;{)rsﬁlnogt‘rnlntﬁll gfs ﬁ&cp tl?esX(aﬁEcq he? -8 1st$a%1J:a %gz{z?lkt}éan five

di oxi de), oxyni rc CORst

hafnlun1d|o§|de 2|rcon|un1d|OX|de, and tltanlun1d|OX|de. In
transistors

[00043] Next, inter-row trenches 220 are etched, as illustrated by FIG. 29. The inter-row
trenches 220 may be etched with a generally anisotropic plasma etch, and they may extend a
distance into the substrate 210 that is greater than the depth of the shallow trenches 108 but not
as deep as the deep-isolation trenches 110. In other embodiments, the inter-row trenches 220
may be generally as deep as or deeper than the deep-isolation trenches 110. The bottom of the
inter-row trenches 220 may be implanted with a field-isolation implant (not shown) to isolate

subsequently-formed transistors.

[00044] As illustrated by FIG. 30, after etching the inter-row trenches 220, the first-fin
mask 212 may be removed, and an inter-row dielectric 222 may be formed in the inter-row
trenches 220. In some embodiments, the inter-row dielectric 222 may be formed with CVD,

ALD, spun-on dielectrics, or other appropriate processes and materials. The inter-row
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WO 2009/ 105317PCT/ US2009/ 032357 -23- sone enbodi nents, the gate
dielectric 244 has a thickness |less than 300 A e.g., between 30 A
and 150 A wpaop®Bejsafter form ng the gate dielectric 244eCTAIaN®32357
material 246 nay be formed on the substrate 210, as illustrated by
FIG 35. The gate material 246 may be a conductive material deposited
with CVD, PVD, or other appropriate processes. In some enbodi nents,
the gate material 246 includes one of the conductive materials |listed
above. The gate material 246 may be deposited with an overburden 248
to increase the likelihood of all of the gate trenches 238 being
filled and to planarize the substrate 0. The gate material 246 may
be formed on the substrate 210 before™f after renoving the spacers
232. [00052] Next, the overburden 248 may be renoved and the gate

mat er i alNISeHG SEIERBRE 30N AiY46 ae oithe gridesdsscribgd abgvieyandrin sage by
FIG 36. The gates 250 and 252 may be recessed by a di stance 254

sel ect ednmhedinsiise b mayandlpdediotthp tin-etide brdr ddiateny theappertdepechitegzad 04 and
connecting gates 250 and 252 on opposite sides of insulating

proj ect ithmbwerdopediregigmi GsandSMitwidd ligGdevmen he axéledssedidihe tesCFhe iater-
dry etch, a wet etch, or a conbination thereof. In sonme enbodi nents,

t he gat eswziecaiu2225In eoras trapodifents pReintetlo@e dietee Gicd2 1Ddepasitdarith anot
recessed bel ow t he bottom of the upper-doped region 104. [00053] At

thi s st ageibutde tuBStmated WilOCHEorial GlcHAE geheRIllY HBInkifize thE siif228 5f GE O S
256. The shape of the sem conductor portion of these transistors 256
is illusthrahedipy FIG 37. Each illustrated transistor 256 includes a
fin 258 rising froma base 260. The fin 258 may include sides 261 and
262, edges 264 and 266, |egs 268 and 270, and a generally U shaped

void 27 %OOOA@] 20094\1135915 %iflﬁﬁrz(tém@{ Qﬁza?&@gond—ﬁn mask 224 may be formed. The

second-fin mask 224 may be misaligned with respect to the first-fin mask 212 by a distance 225
generally equal to one-half of the period 218 of the first-fin mask 212. For example, the
midpoint of the masked regions of the first-fin mask 224 may be separated from the midpoint
of the masked regions of the second-fin mask 212 by the distance 225. Additionally, the
midpoint of the masked regions of the second-fin mask 224 may generally fall on or near the
edge of the masked regions of the first-fin mask 212, as illustrated by the position of the second
fin mask 224 relative to the edge of the inter-row dielectric 222 in the inter-row trenches 220.
The second-fin mask 224 may generally define an exposed region with a width 226 and a
masked region with a width 228. These features may repeat with a period 230. In some
embodiments, the period 230 is generally equal to the period 218 of the first-fin mask 212. The
width 228 of the masked regions may be generally equal to or less than 1 F, 1/2 F, or 1/4 F. In
certain embodiments, the widths of the masked regions of the second-fin mask 224 are a
fraction of the widths 216 of the masked regions of the first-fin mask 212, e.g., generally equal

to or less than 1/4 or 1/2 of the width 216. The exposed regions and masked regions of the
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-24- As with the previous enbodinent, the illustrated | eas 268 and
270 may function as a source and drain, and an electric field
emanat i ng woamstibssigat es 252 and 254 may establ i sh chamalss2@8431387
ei ther side 260 and 262 of the fin 258. [00054] Wiile the invention
may be susceptible to various nodifications and alternative forns,
speci fic enbodi nents have been shown by way of exanple in the
drawi ngs and have been described in detail herein. However, it should
be understood that the invention is not intended to be limted to the
particular forns disclosed. Rather, the invention is to cover al
nodi fications, equivalents, and alternatives falling within the
spirit and scope of the invention as #ef i ned by the foll ow ng
appended claipns. - 25 - CLAIMS 1. A nethod, conPrisin . etching an
i nt er - r SRFMEdHCIRAP24 mayPsieengrelly sigkedht. gangrally gardle @nﬂtnq@bylmg mpskng
the inter-row trench with a dielectric materi al;
structure, generally parallel to the inter-row dielectric 222, and generally perpendicular to both
the deep-isolation trenches 108 and the shallow trenches 110. The second-fin mask 224 may
have a generally uniform. cross-section through a substantial distance in the X direction, e.g., a

distance greater than five transistors.

[00046] The second-fin mask 224 may be formed with a variety of techniques. For
example, in some embodiments, the second-fin mask 224 is made of photoresist patterned with
a photolithography system. In other embodiments, the second-fin mask 224 is formed by
double-pitching a mask defined with photolithography. For example, the second-fin mask 224
may be formed by patterning a precursor mask with masked regions disposed between
substantially every other masked region of the illustrated second-fin mask 224 and, then,

forming the second-fin mask 224 as sidewall spacers on the sides of the precursor mask.

[00047] Next, sidewall spacers 232 are formed on the sides of the second-fin mask 224,
as illustrated by FIG. 32. The sidewall spacers 232 may be formed by depositing a blanket film
on the substrate 210 and, then, anisotropically etching the film. In some embodiments, the
sidewall spacers 232 may be made of carbon, and they may have a width 234 that is generally
equal to orless than 1 F, 1/2 F, or 1/4 F. The sidewall spacers 232 may define a gap with a

width 236 that is generally equal to or less than 1 F, 1/2 F, or 1/4 F,

[00048] Next, the second-fin mask 224 may be removed and gate trenches 238 may be

etched in the substrate 210, as illustrated by FIG. 33. The gate trenches 238 may be formed
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and forming a fin and a insulating projection at least in part
by etching a gate trench in the substrate, wherein the insulating
proj ect i orwonodvidsa7 at | east sone of the dielectric natrrmeszoioniizhe
inter-row trench; filling the gate trench with a gate material; and
recessing the gate material below a top surface of the fin. 2. The
met hod of claim11, wherein etching the inter-row trench conprises:
formng precursor trenches in a sacrificial region on the substrate;
and form ng a spacer in the precursor trenches, wherein the
spacer narrows the precursor trenches. 3. The nethod of claim 2,
conprising etching the inter-rOM/trencges using the sacrificial
regi on and sidewal| spacers as a mask>#4"4. The method of claim1l,
wherein etching an inter-row trench in a substrate conprises etching

an i nt ertiffohgeneeHy auisetrepitgticathaiip pusked hydbe vidqyrabiripeases 2. Msepe
partially into a | ower-doped region. 5. The nethod of claim1,
wher ei n esbogmzants, tielggtedrenghes 2% ing dbedel thay thetsbaliaw eenchesv! 10banndt apiedp aa
dielectric material conprises:
either the inter-row dielectric 222 or the deep-isolation trenches 108. The gate trenches 238
may be between 500 A and 3000 A deep, e.g., between 1300 A and 1700 A. The gate trenches
238 may be generally parallel, generally straight, and generally perpendicular to both the deep-
isolation trenches 108 and the shallow trenches 110. In this embodiment, the gate trenches 238

have a generally uniform cross-section in the X direction through a substantial distance, e.g., a

distance greater than five transistors,

[00049] In some embodiments, forming the gate trenches 238 may also generaily
simultaneously form fin rows 240 and insulating projections 242. The illustrated insulating
projections 242 are interposed between each of the illustrated fin rows 240, and in some
embodiments, each fin row 240 is separated from an adjacent insulating projection 242 on
either side by gate trenches 238. As with the previous embodiment, because the position and
the shape of the illustrated gate trenches 238 are at least partially defined by removing material
to form the insulating projections 242, gates formed in the gate trenches 238 are believed to be

less likely to short to one another.

[00050] Next, a gate dielectric 244 may be formed in the gate trenches 238, as illustrated
by FIG. 34. The gate dielectric 244 may be deposited or grown, and it may be made of a
variety of dielectric materials, such as oxide (e.g., silicon dioxide), oxynitride, or high-

dielectric constant materials like hafnium dioxide, zirconium dioxide, and titanium dioxide. In
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formng a first liner in the inter-row trench; and applying a
spun-on-dielectric to the substrate. 6. The nethod of claimof claim
1, conpri sw0g009/10532%6 - maski ng the etch of the i rmGAYES2EN081368NCh
with a sacrificial material and a first sidewall spacer; and

renoving the sacrificial material after substantially or entirely
filling the inter-rowtrench with the dielectric material. 7. The
nmet hod of claim6, conprising: formng a second sidewal | spacer
on a surface of the first sidewall spacer follow ng renoval of the
sacrificial material; and nmasking the etch of the gate trench at

| east in part with the second si dewal I23_

some embodiments, the gate dielectric 244 has a thickness less than 300 A e 2., between 30 A

and 150 A.

[00051} After forming the gate dielectric 244, a gate material 246 may be formed on the
substrate 210, as illustrated by FIG. 35. The gate material 246 may be a conductive materjal
deposited with CVD, PVD, or other appropriate processes. In some embodiments, the gate
material 246 includes one of the conductive materials listed above. The gate material 246 may
be deposited with an overburden 248 to increase the likelihood of all of the gate trenches 238
being filled and to planarize the substrate 210. The gate material 246 may be formed on the

substrate 210 before or after removing the spacers 232,

[00052] Next, the overburden 248 may be removed and the gate material 246 recessed to
form gates 250 and 252, as illustrated by FIG. 36. The gates 250 and 252 may be recessed by a
distance 254 selected to reduce the likelihood of residual-gate material 238 connecting gates
250 and 252 on opposite sides of insulating projections 242. The gates 250 and 252 may be
recessed with CMP, a dry etch, a wet etch, or a combination thereof. In some embodiments,
the gates 250 and 252 overlap the upper-doped region 104 and are not recessed below the

bottom of the upper-doped region 104.

[00053] At this stage, the substrate 210 may include a plurality of transistors 256. The
shape of the semiconductor portion of these transistors 256 is illustrated by FIG. 37. Each
illustrated transistor 256 includes a fin 258 rising from a base 260. The fin 258 may include

sides 261 and 262, edges 264 and 266, legs 268 and 270, and a generally U-shaped void 272.
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spacer. 8. The nmethod of claim1l, wherein forming a fin and a
insulating projection at least in part by etching a gate trench in

t he subst repDel@angs? ses etching a portion of the di el ecarEs2001081367A! .
9. The nethod of claim1l1l, wherein formng a fin and a insul ating
projection at least in part by etching a gate trench in the substrate
conprises formng a plurality of fin rows and a plurality of

i nsul ati ng projections generally sinmultaneously by etching a
plurality of gate trenches. 10. The nmethod of claim9, wherein:

each insulating projection anong the plurality of insulating
projections is interposed between a pajy of fin rows anong the
plurality of fin rows, and a gat® trench anong the plurality of
gate trenches is disposed on either side of each fin row anong the

pl ur al i t45 With the previrys epdpdiaent thedllystiter degs 2A% anch2 “apacivnstionds asaerhg
projection anong the plurality of insulating projections. 11. The
met hod cihd €raan. gnd an Qlpetrie figld emanatingdyash thegatgn 2phansr 254 avptastehlith dhanmetse
substrate conprises formng a first nask on the substrate with a

phot ol i tAidan eigtey side @) aralrith? of theZin-258.

[00054] While the invention may be susceptible to various modifications and alternative
forms, specific embodiments have been shown by way of example in the drawings and have
been described in detail herein. However, it should be understood that the inventicn is not
intended to be limited to the particular forms disclosed. Rather, the invention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the invention

as defined by the following appended claims.
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formng a fin and a insulating projection at least in part by etching
a gate trench in the substrate conprises formng a second nmask on the
substrate with a second photolithography step. 12. The net hod of
claim1l, wherein the second mask is_shifted with respect to the
first mask by a distance generally eqtal to half of a pitch of the

first mask. 13. The nethod of cl ai wher ei n: formng the
first mask conprises formng the fi k wth a first
phot ol i t hogr aphi ¢ tool; form ng the second nask conprises

formng the second mask with a second photolithographic tool, wherein
a resol utlon ofA methodeevpdsipigot ol i t hogr aphic tool is generally as

| arge as or Iarl_lgﬁ.r t han tw Ce.a r.esolfés(t&ri gn of the first

photol it hograpﬁ 1NE §B eV r%cg HESHEEP claim 1, wherein filli ng
the gate trenchibstahtialdy &aérﬁrélﬁlﬁﬂirigthe GREOSIESHcE W Ldiele¥trfciddtbig; t he
gate trench with the material. 15. The nmethod of claim 1, wherein
the gate #terial is recessed | ess than or equal to 1000 angstrons
bel ow the top f ace.of 2 i Th hod claim1,  wherein
Che gat o mat or INPEEEAR P fsbleing pieqi DA G BRI 8aRly Bl a7 &
devi ce, cosjuhiifitigsubstr&€nVieaeid ved iasulfting projection includes at least some of the

dielectric material in the inter-row trench;
filling the gate trench with a gate material; and

recessing the gate material below a top surface of the fin.

2. The method of claim 1, wherein etching the inter-row trench comprises:
forming precursor trenches in a sacrificial region on the substrate; and
forming a spacer in the precursor trenches, wherein the spacer narrows the

precursor trenches.

3. The method of claim 2, comprising etching the inter-row trenches using the

sacrificial region and sidewall spacers as a mask.

4, The method of claim 1, wherein etching an inter-row trench in a substrate
comprises etching an inter-row trench through an upper-doped region and at least

partially into a lower-doped region.

5. The method of claim 1, wherein substantially or entirely filling the inter-row
trench with a dielectric material comprises:
forming a first liner in the inter-row trench; and

applying a spun-on-dielectric to the substrate.

6. The method of claim of claim 1, comprising:



a gate trench di sposed on either side of the sem conductor fin; and
a insulating projection disposed on either side of the sem conductor
fin and separated at least in part fromthe sem conductor fin by one
of the gate trenches. -28 - 18. Thg%ggvice of claim 17, conpri sing:
a gate di sposed in each gate trench, erein each gate is recessed

bel t f t ' t fin., 19. .The devi. f .clai 7
wherei n the seRAUORATRGH T4 e Simmersat i ey teptrdrad Sy Rart
gener al | ysidewhiapaderahdl. 20. A nethod, conprising: formng a

first plurality of trenches in a substrate that are generally
paral | el to ontcnagydngibe sacrificial majenial afjersubsiedttadlypir gntrely §lliog the iskerhes

in the Supo%{rgﬁc%\}vﬂlﬁhe%ege&ﬁﬁ% Gll_{ay. parallel to one anot he_r and
general | y perpendr cular to eftirst plurality of trenches; and

7. The method of claim 6, comprising:

forming a second sidewall spacer on a surface of the first sidewall spacer
following removal of the sacrificial material; and

masking the etch of the gate trench at least in part with the second sidewall

spacer.

8. The method of claim 1, wherein forming a fin and a insulating projection at
least in part by etching a gate trench in the substrate comprises etching a portion of

the dielectric material.

9. The method of claim 1, wherein forming a fin and a insulating projection at
least in part by etching a gate trench in the substrate comprises forming a plurality of
fin rows and a plurality of insulating projections generally simultaneously by etching

a plurality of gate trenches.

10. The method of claim 9, wherein:

each insulating projection among the plurality of insulating projections is
interposed between a pair of fin rows among the plurality of fin rows, and

a gate trench among the plurality of gate trenches is disposed on either side of
cach fin row among the plurality of fin rows between the fin row and an adjacent

insulating projection among the plurality of insulating projections.

11. The method of claim 1, wherein:
etching an inter row-trench in the substrate comprises forming a first mask on

the substrate with a photolithography step, and



formng a third plurality of trenches in the substrate that are
generally parallel to the second plurality of trenches and m saligned
wth respect to the second plurality of trenches by a distance that
is less than a period of the second phurality. 21. The nethod of
claim 20, conprising at |east substantially filling both the first

lurality of trenches.and,the cond .plurality .of trenches with a
B ol act ] ot SERSHE AR 8 PEpRTnR DroiBldthid bk f baft by Siebie it s,
22. The ngtfdcn@he silbsirdte OmpMER Feining QkBiond MR ohhd shbBirate dlifhtay of
trenches conpri ses ggnerally simul taneously formng a plurality of

gat e trenddsesd peotplithpgraphystep. i nsul ati ng projections, and a plurality
of finrows. 23. The nmethod of claim 20, conprising: formng a
conductive region disposed at least in part in the plurality of gate

trenches: 1:ﬁnd TBeE aRfiod®d chem o nEtetkintle 6QBhO akk isshiftd Withifedpédt Yo Of
ate trenches.
g the first mask by a distance generally equal to half of a pitch of the first mask.

13.  The method of claim 12, wherein:

forming the first mask comprises forming the first mask with a first
photolithographic tool;

forming the second mask comprises forming the second mask with a second
photolithographic tool, wherein a resolution of the second photolithographic tool is
generally as large as or larger than twice a resolution of the first photolithographic

tool.

14. The method of claim 1, wherein filling the gate trench with a gate material

comprises completely filling the gate trench with the material.

15.  The method of claim 1, wherein the gate material is recessed less than or equal

to 1000 angstroms below the top surface of the fin.

16.  The method of claim 1, wherein the gate material partially overlaps the upper-

doped region.

17. A device, comprising:
a semiconductor fin;
a gate trench disposed on either side of the semiconductor fin; and
a insulating projection disposed on either side of the semiconductor fin and

separated at least in part from the semiconductor fin by one of the gate trenches.
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18.  The device of claim 17, comprising:
a gate disposed in each gate trench, wherein each gate is recessed below a top

of the semiconductor fin.

19.  The device of claim 17, wherein the semiconductor fin comprises two legs

separated by a generally U-shaped void.

20. A method, comprising:

forming a first plurality of trenches in a substrate that are generally parallel to
one another;

forming a second plurality of trenches in the substrate that are generally
parallel to one another and generally perpendicular to the first plurality of trenches;
and

forming a third plurality of trenches in the substrate that are generally parallel
to the second plurality of trenches and misaligned with respect to the second plurality

of trenches by a distance that is less than a period of the second plurality.

21.  The method of claim 20, comprising at least substantially filling both the first
plurality of trenches and the second plurality of trenches with a dielectric material

before forming the third plurality of trenches.

22.  The method of claim 20, wherein forming the third plurality of trenches
comprises generally simultaneously forming a plurality of gate trenches, a plurality of

insulating projections, and a plurality of fin rows.

23.  The method of claim 20, comprising:
forming a conductive region disposed at least in part in the plurality of gate
trenches; and

recessing the conductive region into the plurality of gate trenches.



