SYSTEMS AND DEVI CES | NCLUDI NG MULTI - GATE TRANSI STORS
AND METHODS OF USI NG MAKI NG AND OPERATI NG THE SAME
woe@ddimbs | nventi on [0001] Enbodi nents of the PCEESI09/036816

invention relate generally to el ectronic devices and,

nore specifically, in certain enbodinents, to fin
field-effect transistors. Desg¢ription of Related Art
[0002] Fin field-effect transistors (finFETs) are

often built around a fin (e.g., atall, thin
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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. Generally, a source and a drain are located on
opposite sides of the gate in the fin. In operation, a current through the fin between the

source and drain is controlled by selectively energizing the gate.

[0003] Conventional finFETs are difficult to manufacture as integrated circuits.
Typically, manufacturers strive to make the finFETs as small as possible either to increase
the number of chips constructed per manufacturing run or to increase the functionality of
each chip by increasing the number of finFETSs in it. Some conventional finFETs, however,
exhibit lower yields when scaled below certain sizes because it is difficult to align
photolithography equipment to the small structures. This challenge is aggravated by the
number of photolithography steps involved in the manufacture of some conventional
devices. For instance, some finFETs are formed with three or more photolithography steps,

and each step introduces another opportunity to misalign the photo-mask.



nunber of photolithography steps involved in the
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specific goals, such as compliance with system-related and business-related constraints,

which may vary from one implementation to another. Moreover, it should be appreciated
that such a development effort might be complex and time consuming but would
nevertheless be a routine undertaking of design, fabrication, and manufacture for those of

ordinary skill having the benefit of this disclosure.

[0006] Some of the problems discussed above may be mitigated by certain
embodiments of a new manufacturing process. These embodiments, described below,
construct a finFET with two photolithography steps: one to define generally elliptical areas,
and another to section the generally elliptical areas in rows, thereby defining fins.

Reducing the number of photolithography steps from three or more to two reduces the
number of alignment steps, and this is believed to potentially increase the yield of the
manufacturing process. Further, because the second photolithography step aligns to

ellipses rather than circles, the alignment margin is increased in the direction of the major

axis of the ellipses, thereby potentially further increasing the yield.



and another to section the generally elliptical areas

in rows, thereby defining fins. Reducing the nunber of
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a result, some embodiments are believed to isolate the finFETSs better than certain

conventional devices.

[0008] As illustrated in FIG. 1, the manufacturing process begins with providing a
substrate 110. The substrate 110 may include semiconductive materials such as single
crystalline or poly-crystalline silicon, gallium arsenide, indium phosphide, or other
materials with semiconductor properties. Alternately, or additionally, the substrate 110
may include a non-semiconductor surface on which an electronic device may be
constructed, such as a plastic or ceramic work surface, for example. The substrate 110 may
be in the form of 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, for instance.



[0008] As illustrated in FIG 1, the manufacturing

process begins with providing a substrate 110. The
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such as single crystalline or poly-crystalline

silicon, gallium arsenide, indium phosphide, or other

materials with sem conductor #roperties. Alternately,

or additionally, the substrate 110 nay i ncl ude a non-
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and a drain of a transistor, and material from the lower doped layer 114 may form a

channel of a transistor.

[00010] FIG. 2 illustrates the substrate 110 after a mask 116 has been formed on the
upper doped layer 112. The illustrated mask 116 includes a plurality of generally right-
elliptical cylinders that are generally normal to the surface of the substrate 110. In other
embodiments, the mask 116 may define other shapes, such as circles, squares, rectangles,
or triangles. In this embodiment, each of the illustrated cylinders of the mask 116 is
generally similar or identical to the other cylinders, and each of the cylinders may be
characterized by a major axis 118, a minor axis 120, and a central axis 122. In some
embodiments, the minor axis may be approximately 1 F, where F is the resolution of the
system (e.g., a photolithography system) used to pattern the mask 116, and the major axis

118 is larger than 1 F and may be larger than, less than, or generally equal to 1.5 F, 2 F, 3 F,



subsequent processing, material fromthe upper doped
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114 may forma channel of a transistor. [00010] FIG 2
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conformal nitride film (or other appropriate material) by method know in the art, e.g.,
chemical-vapor deposition, and etching the nitride film with an anisotropic etch, such as a
plama etch. The spacers 124 may have a thickness 126 that is generally equal to or less
than 0.35 F, 0.25 F, or 0.15 F, or some other distance, depending on the application. The
outer side-wall spacers 124 may be made from a different material than the mask 116 to

facilitate selective removal of the mask 116 in a subsequent step.

[00012] After forming the mask 116 and the outer side-wall spacers 124, the
substrate 110 may be etched, using the structures 124 and 116 as a hard mask, to form deep
trenches 128, as illustrated by FIG. 4. (The term “deep trenches” distinguishes these
trenches from subsequently formed “shallow trenches,” and does not necessarily reference

some particular depth.” The deep trenches 128 may be generally complementary to the



photo-resist, or the mask 116 may be a hard mask

formed by depositing a blanket film of oxide, nitride,
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etching the bl anket filmaround a mask of patterned
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[00015] Next in the process, an inner side-wall spacer 133 is formed in the void 132,
as illustrated by FIG. 7. The inner side-wall spacer 133 may have a width 134 that is
generally equal to or less than 0.35 F, 0.25 F, or 0.15 F, or some other distance, depending
on the application. In this embodiment, the inner side-wall spacer 133 is formed by
depositing a blanket film, such as a nitride film, and isotropically etching the blanket film
to leave the inner side-wall spacer 133 along the walls of the void 132. The inner side-wall
spacer 133 may be the same material and have the same width 134 as the outer side-wall

spacer 124, or it may be a different material or have a different width.

[00016] After forming the inner side-wall spacer 133, the substrate 110 may be

etched, using the inner side-wall spacer 133 as a hard mask, as illustrated by FIG. 8. This



or other appropriate material that has been deposited

and planarized with, for exanple, chem cal nechanica
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defined by the inner
and the shape of the precursor pillars 138 may correspond to the position and the shape of
the mask 116 (FIG. 1). The precursor pillars 138 may each define a generally right-
elliptical cylinder that extends generally perpendicularly from the surface of the substrate
110. In this embodiment, the precursor pillars 138 are not exactly elliptical because the
side-wall spacers 124 and 133 added a generally uniform distance around and within the
perimeter of the generally elliptical mask 116. The precursor pillars 138 may include a
generally elliptical tube 140 disposed on top of a generally elliptical cylinder 142. The
distance 144 between the inner side-wall of the tubes 140 and the outer sidewall of the
tubes 140 may be approximately equal to or less than 0.7 F, 0.5 F, or 0.3 F, or some other
distance. The shape of the interior of the tubes 140 may be characterized by an inner major

axis 146 and an inner minor axis 148, and the shape of the pillars 138 may be characterized

by an outer major axis 150 and an outer minor axis 152. The distance 153 between
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processing, in some embodiments, facilitate generally direct connections from generally

straight digit lines to transistors, as explained below.

[00020] Next, a field dielectric 162 may be formed, as illustrated by FIG. 11. In
some embodiments, the field dielectric 162 may be an oxide that is deposited with
chemical-vapor deposition or a high density plasma process, or in other embodiments, the
field dielectric 162 may be grown by reacting the substrate 110 with oxygen in a furnace or
with other techniques known in the art. Some embodiments may retain a portion of the
sacrificial material 130 as the field dielectric 162. The field dielectric 162 may

substantially or entirely fill both the deep trenches 128 and the shallow trenches 136.

[00021] After forming the field dielectric 162, the substrate 110 may be patterned
with rows and selectively etched with an intermediate trench etch, as illustrated by FIGS.

12-17. Specifically, FIGS. 12-14 illustrate a process for patterning the rows before an



axis 146 and an inner mnor axis 148, and the shape of

the pillars 138 may be characterized by an outer major
wW@z009/11395 and an outer mnor axis 152. The di sSPENUR2005B36816

bet weenprecursor pillars 138 in adjacent rows nmay be

approximately equal to or less than 0.7 F, 0.5 F, or

0.3 F, or sone other distance9 dependi ng on the

application. [00019] Another aspect of the precursor

inpeirrlnlecﬂa t{eﬁ?h t% I l l lﬁlbgag%ﬁh @}/Lafrat%dhe I%'Sllll\(\gégtruucoltlreg Ag Riustrated

Iew o ESU ratel

byﬁf Jast st Lé@”r%tséﬁgfq A Do el [ O Pl 64 ey be ahard

precursor pillars 138 are positioned such that

magkj sushris agghog dlarshmeskiga madk fogaedbesdlensivelyetemes hegs in a
The subcol umms 154 and 156, as explained below wth

bladdee veide er hiaridd fim, 22 somaytheonthienel. t Thef roask 1@4snayginelude an open
colum of finFETs on alternating sides of a conductor,

re8iéf N 623n@ afl 9bAructed@egibm 1661ia9d REDABMKNRIA may FRPE4t over a period 165.
Si de- mall 158 is generally allgned Wi th outer sidewall

T%e?sq% e pl Hthitﬂ)? %ﬂf%)gjé uMS t}f ;#;%gl\(;g??i Lot n]rzfsg 116, and

ars may on artial ap or

e OF B0t e ipag gl o tenpay ot ?B%%ﬁ%ﬂi%&%ﬁ?%lﬁ

sone enbodi nents, facilitate eneral di rect )
mpgs ey Idgh £0% ofoniidrewall spacgr 5 Sg@r@ﬁ@ ra‘%ﬁa next stgpeapndiifustrated by
transi stors, as expl ained bel ow. [00020] Next, a field
FIi.éBectric 162 may be forned, as illustrated by FIG
11. In sone enbodi nents, the field dielectric 162 may
be an oxide that is deposited with chem cal - vapor
[ode2R]si t | ofvs Dlustathd B Fi@nks3, the gideaw i spucoc Bs8smapbe fdimed on the
ot her enbodi nents, the field dielectric 162 may be

siQd QU Ythé BRAGE 1610 THSi&UREN kpdcer 1dPm bOfRkE8Y dePositing a

furnace or with other techniques known in the art.

t?‘ﬁfg%ﬂﬁﬂglogthgeﬂ)ﬁfopqﬁk rhgtteﬁhlf] oft tRUubL AR PfO &Iﬁeetchmg the film with an

anisotropic etch. The etch may etch oxide and silicon at generally the same rate, and it
may remove around 1300 to 1700 angstroms of material. The resulting side-wall spacer
168 may have a width 1609 at its base that is less than, or approximately equal to 0.25 F, 0.5
F, 1 F, or some other dimension. Further, the side-wall spacer 168 may be generally
parallel to the minor axes 120 of the ellipses of the mask 116 (FIG. 2) and generally

centered over the central axes 122 of the mask 116 (FIG. 2).

[00023] Subsequent to forming the side-wall spacer 168, the mask 164 may be
removed with an etch that is selective to the side-wall spacer 168, thereby leaving the side-
wall spacer 168 and exposing the portion of the substrate 110 under the mask 164, as
illustrated by FIG. 14. Finally, as illustrated by FIG. 15, the substrate 110 may be etched

with an anisotropic etch to form rows 170, and the side-wall spacers 166 may be removed,



sacrificial material 130 as the field dielectric 162.
The field dielectric 162 may substantially or entirely
wo oob/1bm2ph t he deep trenches 128 and t he shal | BOT/US2009/036816
trenches 136. [00021] After formng the field
dielectric 162, the substrate 110 may be patterned
with rows and selectively etclded with an internedi ate
trench etch, as illustrated by FIGS. 12-17.
peci figal | &S, ., 12-14 .1 ] yst a for .
s ATl 467 TR prdt e O W LRLREPE Sl pigghea. an
and FICGS. 15-17 illustrate the re tjng structures.
thpgatiqrp %ﬁ F@bﬁ%;}%f@%@ ¥ foamﬁaw%&lrﬁfgv T PR, (B mask
the substrate 110. The mask 164 may be a hard mask,
ety bestoamedirapd in hrinelehedments altyiarekwiddh asgdsted with an etchback,
sel ectively etching lines in a bl anket oxi de or
reflowvy oidghdrithinmin@rpree@s®e ot her material. The mask 164 may
i ncl ude an open region 167 and an obstructed region
166, and the mask 164 may repeat over a period 165.
[00024]si ze BIGS he-18eNhsvdteleDioiByspaérs @enRravk Y 7@guakvithGhe side-
the period 121 of the mask 116, and the size of the

t ' \ | .
ETHEAEIS, SR IR LBy RIS L By

PRSI LR LR Aol BB bt 90 ERL SRS clbered over
si de- wal | acer 168 may he forped. on the side walls

g pentlariad 2 o0 Ttk 14D Il Tapalsmmensgargy Taggdhe rows 170 may
formed by depositing a nitride film or other

beapprieaisdibattee eltipteal shapeoh thehpaskulddt Berause 11 mask blttdias agenerally
the filmw th an anisotropic etch. The etch may etch

elbpticaestaupel, the hli @mienatndéinemnsiohyl toleeansemfer thatreaskdvd nmdy be
may renove around 1300 to 1700 angstrons of material.

indREsctl 88 HletdiRetis Seh¥v@ldjorsRACAR (Ef8 118N aftd® BmMMkAts that has

169 at its base that is |l ess than, or approximtely
cn%‘i’éé?"Tth i1(1) sgt'f_ie Embgdiﬁlents, the rows 170 may be shifted some distance so that
they are not necessarily centered on the central axis 122 of the ellipses. In this embodiment,

though, the rows 170 are positioned and sized to generally fall entirely or substantially

within the space defined by the generally elliptical shallow trench 136 (FIG. §).

[00025] The rows 170 have a width 172 that may generally correspond to the width
169 of the side-wall spacers 168. The width 172 is generally uniform along the length and
height of the illustrated rows 170, but in other embodiments, the rows 170 may taper wider
toward their base or have some other shape. Further, in some embodiments, the rows 170

may not be generally straight, e.g., the rows 170 may undulate according to the mask 116.

[00026] To depict other aspects of the rows 170, FIG. 17 illustrates the substrate 100
without the field dielectric 162. The substrate 110 includes a plurality of pillars 174 that

are formed by removing material from the precursor pillars 138 (FIG. 9). In this



F, 1 F, or sone other dinension. Further, the

side-wal |l spacer 168 may be generally parallel to the
woewniases 120 of the ellipses of the mask 11BCT/BE1809/036816

2) and generally centered over the central axes 122 of

the mask 116 (FIG X). [00023] Subsequent to form ng

the side-wall spacer 168, theimask 164 may be renoved

with an etch that is selective to the side-wall spacer

emlb %’1m£rne at%ﬁ%f ah 12919 117%1 ?I%C ud%gw%a e %Qﬁ%i%a ggr(lf?zﬁgft rh%ht elliptical

& SsibsYrate

k 164 as |II strate F 4. Finally, )
CY#IP?%{&XF%@% gyce zsperfsmﬂfﬁéﬂg frsgﬂt @115@@38?1@ Hﬁy Egfending from the
etched with an anisotropic etch to formrows 170, and
basefel %, Hethgardserfgatedimensaretips bes, cagtohayengas gap 180 (e.g., a U-
illustrated by FIG 16. In other enbodi nents, the mask
shipetl gap) ot definebltweo pigs dR2d Thafids 1 Teegehntgrirave [\mrgélhieally planar
mask 164 is used to formrows 170 directly. For

wEXargal d 185 andBsK odifefalFBIONDE-E@H BB Hde-Hdls 1188 BRITE0. Additionally,
enbodi nents, its Flne w dth adjusted with an etchback,

thEFdE?é% th®ba Rt RPN indIREORE n@f GeSRcavk! QQR%@ ldé}&gﬁlv% 1392 ah8 194,

ustrat arious aspec the I OWs
th d .hi :
T%enﬁﬁlsi%twéﬁ'? thesg MRIRGF 4 5@2'93?%??(? is gl hapnpicy of FIG. 18,
the m nor axes 120 of the ellipses of the mask 116

A% ﬂugratﬂ by EHe e Hethiy qrpbodimenty b disid poftind of dbg leat 18rs
122 of the mask 116 (FIG T). The alignnment margin for
dittheentlpdspetizipormalye dsher poctiansd thegyilladed 7é1 Ais mrangiahedstimpe with

of the nmask 164. Because the nmask 116 has a generally

refdréricptid BHE. 1S ap@bstidie 1 &0 inghudeniipprndogidTeysilopahd lower doped
tol erances for the mask 164 may be increased in the

laQérrqut P hi OEmb EmPRY, B 1@}5&1%0#3@ 1dyE} G2 ddes 8t é&ttéﬂ@oetl&w #he depth
mask 116 that has circles in sone enbodi nent s,

Og&gg&gw%0;7o may be shifted some di stance so that

[00027] Once the rows 170 are formed, a gate dielectric 196 is formed, as illustrated
by FIG. 19. Forming the gate dielectric may include depositing a layer of oxide, oxynitride,
a hafnium-based high-k dielectric, or other appropriate materials. The gate dielectric 196
may be formed along the walls 184 and 186 of the fins 178 and the top of the base 176
(FIG. 18). In some embodiments, a portion or all of the gate dielectric 196 may be
removed from the top of the rows 170, or the gate dielectric 196 may be left on the top of

the rows 170.

[00028] Next, gates 198 are formed, as illustrated by FIG. 20. The gates may be
made of metal, doped polysilicon, TiN, or other appropriate conductive materials. In this
embodiment, the gates 198 are formed by depositing a blanket film of the gate material and

anisotropically etching the gate material to leave side-wall spacers of gate material. The



they are not necessarily centered on the central axis
122 of the ellipses. In this enbodi nent, though, the

WO 0a9/117295 ar e positi oned and sized to general | pCT/EE1009/036816
entirely or substantially within the space defined by
the generally elliptical shallow trench 136 (FIG 8).
[00025] The rows 170 have a w2dth 172 that may
generally correspond to the width 169 of the side-wall

111*1&92&?& e%atc%s%S a;pe%dwl%nlgqg s15% Gcf t enersaHOyS ﬂat tl? yloy%ﬂ%gg?th the

rate r OWs

b#@wﬁéﬂﬁ% ﬁgﬁrgbl%gé'g‘gnléﬁuﬂi)ﬁb 0&63“&%%5&% %éﬁéﬁ%ﬂaﬂ@ﬁéw form the

in sone enbodinents, the rows 170 may not be general
digtek pargen of the dpes 18Re I sumee amrerdimgntaribe Raee l Howay b vep Wlsith 195
the mask 116. [00026] To depict other aspects of the
thatasvgererdlly deju@ tolof 1¢sk thast(. AF emdithey siap bt vgtaeatddBy a gap that is
without the field dielectric 162. The substrate 110

genBRllydgsaldo plsural ity of pillars 174 that are formed by
renmoving material fromthe precursor pillars 138 (FIG

9). In thisenbodiment, each of the pillars 174
[OUﬁlﬁ] udes & tlﬂﬁss%ag%%@ tﬁé‘iﬁgndﬁct@ﬂ@dﬁ‘%&g | 8hch of the illustrated fins 178

right- elllptlcal cyl i nder extendi ng generally

Gk %E?éﬁs‘ﬁtﬁt@%’% iR ERpe s SRR 1 FREIE3M 7 an
178, each having a 180 a_Ushay d ga ,

18} @rq hewrgsas aecagmmﬁ t%ﬁrﬁ@t@rr}aﬁ adigéent élscwlﬁdw ﬁ35é8 agthe fins 178
generally planar walls 184 and 186 and two generally

(FeahvEXkansuly éeims i dieanill hsillug@atedhbly 290w 2R dFIG- @Aalrggresenting

the sides of the gaps 180 include two generally
cutencive tlogtyethe stadestonl 95 TOMrana theQansiktoes €, wabling may be
of these walls 184, 186, 192, and 194 is illustrated

askdhell thOPat¥d £98, Qhd I Ivg}tagk%etvee%n'thé UsldcatveslaRy dIF GV} ?nay drive

in this enbodi ment, the distal portion of the legs 18

cu?lre f’dd‘ &g@%ﬁhﬁ’dﬁﬁ%d The gl'l.ﬂsgjgéd Q}aﬁﬁgto%%%' rﬁzﬂﬁbeolreférﬁg to as dual-

ars ment | one ove

gate transistors or multi-gate transistors, as they have a gate adjacent each wall 184 and 186
(FIGS. 17 and 18). The gates 198 may be energized according to a variety of patterns:
both gates 198 on either side of a row 170 may be energized generally simultaneously; one
gate 198 may be energized, but not the other; or the gates 198 may be energized
independent of one another. In some embodiments, the gates 198 may partially or entirely
circumscribe the rows 170, e.g., the gates 198 one either side of the rows 170 may connect

at one or both ends of the rows 170.

[00030] A variety of devices may be connected to the transistors 199. For example,
the transistors 199 may connect to other transistors 199 to form a processor, an application
specific integrated circuit (ASIC), or static random access memory (SRAM), or the

transistors may connect to a device specifically configured to store data, such as a capacitor



reference to FIG 1, the substrate 110 incl udes upper

doped | ayer 112 and | ower doped layer 114. In this
weedpodiTrent , the upper doped | ayer 112 does noPCEKBINL036816

bel ow t he depth of the gaps 180. [00027] Once the rows

170 are forned, a gate dielectric 196 is forned, as

illustrated by FIG 19. Formi3g the gate dielectric

nay i ncl ude depositing a Iayer of oxide, oxynitride, a

OI'rPaf'lSC lela{l%e %%%OI‘Y g@ne € a (i%SgE[ha?thhr%le afggl}’lrglp rd V}C% IS
t he d 186 of the flns 178 and the top of

ﬂ@ﬁe“%ﬁ@eﬁﬁ%giééﬂe. 18). In some enbodi ments, a portion
or all of the gate dielectric 196 nmay be reaned from

he top of the rows 170, or the gate di el ectric 196
[0%%/1] be | ehferdarming thaogntes 138n therggins 198 may[togogsitedwth a dielectric
gates 198 are fornmed, as illustrated by FIG 20. The
(ngathesy twayorbelendy dhofraretizr feaddape)dapbdats lihéscidd, maji i, foomed on
ot her appropriate conductive materials. In this

thRrdeled e s illdidhateddly G198 ahedd @it (DymseRofirinkd i a process
bl anket film of the gate nmaterial and anisotropically

su?ﬁlﬁthﬂortﬂe %’a@esg @ﬁa@ vﬂt@'ﬁ?&i t@ att@mltﬁ@%%vssl'ﬂe‘l:\(y?iﬂstaﬁgé‘iﬁ brie

of gate terial. Theilldstrated gates 198 extend

l Q(%ﬁr%e 11%6%?{1 olerl]C% ?Oi ug f(r)ron\ll\ésdl‘ti%%p ﬁyﬁl&é ? ﬁe &rbcgtécpzvgrco%%ctwe

ayer of . the substrate that formthe

mpysHial, 397 PAHEIRING hefLn P o §ie-BaHePERDBATnH YA {j One itustrated
gates 198 nmay have a wdth 195 that is generally equa

byt BlGorl4| exeept ditented. Ssnerallp perpehdigul walp tb‘eméeﬂalﬂaspe@rb%(aof FIG. 14.
gap that is generally equal to 0.5 F. [00029] At this

Tist dagelinds 20D enayegentalty utigmeithrone e the 1eacl82aff ehdteof the fins 178.
illustrated fins 178

The data lines 202 may include a conductive material, such as doped polysilicon or metal.
[00032] In this embodiment, the data lines 202 are generally or substantially straight
and generally align with legs 182 on alternating sides of the fins 178, as illustrated by FIG.
21 and FIG. 22, which is a top view of the perspective illustrated by FIG. 21. The data
lines 202, in this embodiment, are generally or substantially straight because the precursor
pillars 138 are aligned with overlapping tubes 140, as illustrated by the dotted lines of FIG.
10. Generally or substantially straight data lines 202 are believed to reduce parasitic
capacitance and resistance relative to data lines that undulate. In other embodiments,

though, the data lines 202 may not be generally or substantially straight.

[00033] In the illustrated embodiment, the transistors 199 extend out under
alternating sides of the data lines 202, as illustrated by FIG. 22. For example, the transistor
19977 is on a different side of the data line 202 from the transistors 199" and 199”"", which

are adjacent the transistor 199" in the direction of the data lines 202. Together, the



(FIGS. 17 and 18) constitutes a transistor 199 (FI G

20). The two legs 182 (FIGS. 17 and 18) are a source
war@oal1eai n, and the nmaterial adjacent the waPCBHUIRKMI/036816

and 186 of the fins 178 (FIGS. 17 and 18) forma

channel, as illustrated by arrow 200 (FIG 20),

representing current flow thrigugh the transistor 199.

To turn on the transistors 199, a voltage may be

tragr%lsﬁ?o%ge ?%/g;béa n%n% ?gﬁ a(lr%%lrt r%rgg cc?jluvm%l io?gewﬂ%ﬁl"i’gg%n%ﬁye overlapped

rrve curren
t hrough the channel . The illustrated transistors 9
byn%@@aosgt GobfiERy 2 e 281 dudp gHtee e Padieatoe cofamm 2 nay not
mul ti-gate transistors, as they have a %ate adj acent
ovedep analthe tgwisgavg 198may bp e8 thepsamerrgded)the daia liget 208 198
may be energi zed according to a variety of patterns:
both gates 198 on either side of a row 170 may be
[00034K]gi z edTTgestberatinyingiafulhe @arsotst Y99 ong bgadvenct@8 tormgpacitor
be energi zed, but not the other; or the gates 198 nmay
plBes BNE Ly ilARHated B¢ FEOIENt TIRS caPBEtor PRIEIEIN4 thay &RAEnclude a neck 206
enbodi nents, the gates 198 may partially or entirely

ang! ar&lg%g,r i'[‘ﬂ@ n&h& 2083 ognecq 1 ca 5&1%@@6@1% tljrc9§)u?&eor drain of the
170 may g bot h

either side of the ro onnect at one or

ends of dhe rows 170. [00030]. A vari et i ces ma
iR shh 14 E8Bernd Top HREIOE K ot 1B T 133, R Hp T SqaBors. e

caphe %ﬁ%@égé@%&%ﬁé%@ﬁ%ﬁ S e P Qb duciive film. The

integrated circuit (ASIC), or static random access
se yn (gRAMN ansither pkate foaaedts canasitoraporngaied ¢ thegragsistors 199.

device specifically configured to store data, such as

a capacitoror phase change nenory. One exanple of a
[0003dess tInatpefatipmpeaah peinof y capavitaeplats 204 hud tramtieat 1Y may

FIGS. 21-23. [00031] After formng the gates 198, the
cddpéate td Abré@ta b abdistlllatcth dMatde ¢h Mk ehReltbil Flates 204. To write data
to a selected capacitor plate 204, the associated transistor 199 may be turned on by
energizing its gate(s) 198 (FIG. 20), and current 200 may flow through the transistor 199 to
or from the capacitor plate 204. The capacitor plates 204 may be addressed according to
the combination of the gate(s) 198 and the data line 200 that connect to the transistor 199
associated with a given capacitor plate 204. In some embodiments, the gates 198 may be
referred to as word lines, and the data lines 200 may be referred to as bit lines. To read

data from a selected capacitor plate 204, the associated transistor 199 may be turned on,

and the voltage of the data line 200 connected to the transistor 199 may be sensed.

[00036] 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 invention is not intended to be limited to the particular forms disclosed. Rather, the



(not show to nore clearly illustrate other features),
and data lines 202 nay be forned on this dielectric,
wa@sgomwiikusirated by FIG 21. The data |ines 202P@EHYS1969/036816
formed with a process simlar to the process that was
used to pattern the rows 170. For instance, in one
enbodi nent, the data |lines 203 are fornmed by appl ying
a filmincluding a conductive material and patterning
oy (ot b BB o RO L ARSI s i e v
perpendi cul ar to the_side-wall spacers 166 of FIG 14.
anﬁﬁeglara%éﬁ? R %ﬁg}e@%@ﬁéﬂlwﬁgiaahﬂéﬁs FlagRe of the
| egs 182 of each of the fins 178. The data |ines 202
may include a conductive material, such as doped
polysilicon or netal. [00032] In this enbodi nent, the
data |ines 202 are generally or substantially straight
and generally align with | egs 182 on alternating sides
of the fins 178, as illustrated by FIG 2 1 and FI G
22, which is a top view of the perspective illustrated
by FIG 21. The data lines 202, in this enbodi nent,
are generally or substantially straight because the
precursor pillars 138 are aligned with overl appi ng
tubes 140, as illustrated by the dotted lines of FIG
10. Generally or substantially straight data |ines 202
are believed to reduce parasitic capacitance and
resistance relative to data |ines that undulate. In
ot her enbodi nents, though, the data |lines 202 nay not
be generally or substantially straight. [00033] In the
illustrated enbodi nent, the transistors 199 extend out
under alternating sides of the data |lines 202, as
illustrated by FIG 22. For exanple, the transistor
199" is on a different side of the data Iine 202 from
the transistors 199' and 199 , which



are adjacent the transistor 199" in the direction of
the data |ines 202. Together, thetransistors 199,
waeviaesl 199 are part of a colunn 201", whi cPCT/5S2009/036816
partially overl apped by adjacent colums 201" and
201""'. In other enbodi nents, the colums 201 may not
overlap, and the transistors /599 may be on the sane
side of the data |lines 202. [00034] The other term na
of the transistors 199 may be connected to capacitor
plates 204, as illustrated-hyfj§> 23. The capacitor
pl ates 204 may each include—aeck 206 and a cup 208.
The necks 206 nmay connect the capacitors 204 to the
source or drain of the transistors 199 via an exposed,
Lt op POFYIFBIFOBIPIISNG of the | egs 182. To form
capacitors, the capacitor plates 204 nay be coated
wi t he digithing; di el ectric and anot her conductive film
The second filmmay form another plate to create
capacpluoilisy commstededoh hahiagtonanginsiadcsnik®@d t¢ ARG} line and
I n operation, each pair of a capacitor plate 204 and

anfofIRA &SRl dikPSkeaY a@t@ﬁlﬁﬁﬁ%aﬁﬁest o tAd @iieR 18Rt Rh&W¥in each transistor
accunul ati ng a charge on the capacitor plates 204. To

' . : {tor plate 204, the

MQﬁigg?g?%%H%?gﬁg§§¥§§%§%gﬁﬁﬁéﬁﬁé turned on by

energi zing its gate(s) 198 (FIG 20), and current 200

may flow through the transistor 199 to or fromthe

capacitor plate 204. The capacitor plates 204 may be )
2.addriBs slevicaebdpian hgvhaeinibe Bpnde ansrally yrangsd i ai:@(a@))nal lattice.

198 and the data line 200 that connect to the

transi stor 199 associated with a given capacitor plate

204. In sone enbodi nents, the gates 198 may be
3.r ef eTlieedbvice ofislaivaridwheR@sthe dimcobtieisekod gap dndes0368. may

be referred to as bit lines. To read data froma

sel ected capacitor plate 204, the associ ated

transi stor 199 may be turned on, and the voltage of
4.%268'@%&8(26&50'6% c acl)nq 3(,: Qv%re]ree%} t g t$v8 letgrs] %aéhr (%rr]l%r'fc'ste %rfirgtgc?op@ ¥egion and

a portion of a second doped region, and wherein the gap is at least partially filled with a

dielectric material.
5. The device of claim 3, wherein a memory element connects to one of the two legs.
6. The device of claim 2, wherein fin extends from a generally elliptical base.

7. The device of claim 1, wherein the digit line is generally straight.



[ 00036] While the invention nmay be susceptible to

various nodifications and alternative fornms, specific
weriodiTzent s have been shown by way of exanpl ePCTUS1969/036816

drawi ngs and have been described in detail herein.

However, it should be understood that the invention is

not intended to be limted td7the particular forns

di scl osed. Rather, theinvention is to cover al

nmodi { i I on [val ents, and alternatives falling
&mﬁthéﬁ&ﬁ%gegéPpﬁgH%nd scope of the invention as

defined by the foll ow ng appended clai ns. CLALMS 1. A

devi E¥M ASYRPRASFHRPrisned] @qr@wn%t}veamaﬁewlagww plurality of

transistors each having one term nal connected to the '
pibugicompyipiag theccavesdvetveansipimd land extsodiag fiom the substrate, wherein

alternating sides of the digit |ine, wherein each
eath pilkr sthong grphgralityeofplliaratirhprisef atutendspebat sear a distal portion of

conprises a fin. 2. The device of claim1l, wherein the
ngﬂﬁware generally arranged in a hexagonal |attice. 3.

The device of claim1l, wherein the fin conprises a gap

and two legs. 4. The device of claim3, wherein the

two | egs each conprise a first doped region and a

0.g" ol rudlop gEFERLR: YRRRR BT hitehe GG Bet et 0RpS2 betven

material. 5. The device of claim3, wherein a nenory

the fubgaRe theoWREEXS t 0 one of the two legs. 6. The device
of claim2, wherein fin extends froma generally
el liptical base. 7. The device of claim1l, wherein the
digit line is generally straight.8. A nethod,

10 onPTheShedod bf aina 8 swlstihaheplaedidy bSpill@rsds generally arranged in a
sem conductive material, formng a plurality of

hexagonal lattice.

11. The method of claim 8, wherein each pillar among the plurality of pillars defines a

generally right-elliptical cylinder.
12. The method of claim 8, wherein the tube has a generally elliptical shape.

13. The method of claim 8, comprising generally surrounding the plurality of pillars

with a dielectric and at least partially filling the interior of the tube with the dielectric.

14. The method of claim 8, wherein the tube comprises a distal portion comprising a

first dopant and another portion comprising a second dopant different from the first dopant.



pillars conprising the sem conductive material and
extending fromthe substrate, wherein each pillar
wapwngitbe plurality of pillars conprises a tubP€r/US2009/036816
di sposed near a distal portion of the pillar. 9. The
nmet hod of claim8, wherein each pillar conprises a
cylinder disposed between the8t ube and the substrate.
10. The method of claim8, wherein the plurality of
il ar Ily arranged in a hexagonal lattice.
Kﬁl ﬁ%t %g Sﬂ$ %Ia|n18 wherei n each pillar anong
t he Iur I|t pillars. define ener a
rig enggafly f/ (FliRiae beth 4 predion apd a Tenifennon 0£¥ fig fig]dstigect
wherein the tube has a generally elliptical shape. 13.
trapistoetiiiodfist likogiaphBstep:omgr i si ng general |y
surrounding the plurality of pillars with a dielectric
and fatmingab¢ fip &ield-etfdcy trindidtomgitht heedond driographf stepewherein the
tube with the dielectric. 14. The nmethod of claim 8,
finhedaiffect tighststhes fRRBE WeBSwd ol ifSh @ litRrAgNt&GRMPr i si ng
a first dopant and anot her portion conprising a second
dopant different fromthe first dopant.15. A nethod,
conprising generally defini ng both a position and a

finfield-eff Si st
16, £ PP mPRDR b6 ek ot ieikin et B i g hARRIRRSHon thd 8 firs
field-effect transistor with a second |ithography
digegyion gh Hafigld-gféect fransistey \MLﬂéfiflé%ththqga%wfe@rwn@ﬂses patterning a
formed with two or fewer |ithography steps. 16. The
subretrto withfa nodskibav b3, pluvhketyeit glagpe nted atrigtudef i ni ng both a
position and a first

17. The method of claim 16, wherein patterning a substrate with a mask comprises

patterning a substrate with a mask having a plurality of generally right-elliptical cylinders.

18. The method of claim 16, comprising:
forming an outer side-wall spacer adjacent the mask; and
etching a portion of a substrate that is not covered by either the mask or the outer

side-wall spacer.

19. The method of claim 18, comprising:
covering an etched region of the substrate;
removing the mask;
forming an inner side-wall spacer adjacent the outer side-wall spacer; and
etching another region of the substrate under an interior of the inner side-wall

spacer.



dinmension of a fin field-effect transistor with a
first lithography step conprises patterning a

waewstitape with a mask having plurality of el oPgERUSZN09/036816
structures. 17. The nethod of claim 16, wherein
patterning a substrate with a mask conpri ses
patterning a substrate with a9rask having a plurality
of generally right-elliptical cylinders. 18. The
met hod of claim 16, conprising: form ng an outer
side-wal | spacer adjacent the mask; and etching a
(fort on of a substrate that is not covered by either

2 KCOreotESB§t er si de-wal | spacer. 19. The net hod
of claim18, conprising: covering an etched region of
t he %mb@lpfm‘ﬂféflces eropiliee:t he mask; form ng an inner
side-wal | spacer adjacent the outer side-wall spacer;
and et chiagjuehiof bfewonddiiesaxtohdinf e sfibs iradtenunder an
interior of the inner side-wall spacer.20. A device,

conpri si nPplushliffedaya BRI c&BndH@MRhissdoAd didctitingr al i ty
of word lines extending in a first direction; a

plurality, gf . @mﬁaehmﬁe headh ! fndhofic pgal of data lines and

directi on connecte to one o n

aRESadieaPa Bryteh S M wpilis Afong H@%quwﬁwgoﬁ%%fd lines,

Iurallty of mord I|ne
wherein the fin extends from a generally elliptical base.

21. The device of claim 20, wherein the fin comprises a source, a drain, and a dielectric

material disposed between the source and drain.

22. The device of claim 20, wherein the data lines do not undulate over the fins.
23. The device of claim 20, wherein the fin comprises two legs separated by a gap.
24. A transistor, comprising:

a fin extending from the base, the fin comprising:
a first leg;
a gap that is a section of a generally elliptical shape;
a second leg separated from the first leg by the gap; and

a pair of side-wall spacer gates disposed on opposite sides of the fin.



wherein the fin extends froma generally elliptica

base. 21. The device of claim20, wherein the fin
WwW@ompniees a source, a drain, and a diel ectri CPOEHUS200&D36816

di sposed between the source and drain. 22. The device

of claim 20, wherein the data |lines do not undul ate

over the fins. 23. The devi ceoof claim 20, wherein the

fin conprises two |egs separated by a gap. 24. A

5: Lgnflllest'fansisto% %?Elralrﬁ 22 g\fvhea}e]tn tF gal} Sk scllclien g]tai‘ll s?ace ag[esbg\‘?:’e?l’ap both

cti on of gen [1y elliptical shape a second | eg
th%glﬁ%&ﬂ%&aé’& hff%%o{l%gf. rst leg by the gap; and a pair of
side-wal | spacer gates di sposed on opposite sides of
the fin.25. The transistor of claim 24, wherein the
pair of side-wall spacer gates overlap both the first
| eg and the second | eg.



