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[ 0001] Enbodiosesia705 t he present invention rel ate genergdtiysrbé/036316

el ectroni c devices and, nore specifically, in certain enbodinents, to
fin field-effect transistors. Description of Related Art [0002] Fin
field-effect transistors (finFETs) are gften built around a fin
(e.g., atall, thin sem conductive nenber) extending generally
perpendicularly froma substrate. Typically, a gate traverses the fin
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Field of Invention

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

and, more specifically, in certain embodiments, to fin field-effect transistors.

Description of Related Art

[0002] Fin field-effect transistors (finFETs) are often built around a fin (e.g., a tall,
thin semiconductive member) extending generally perpendicularly from a substrate.
Typically, a gate traverses the fin by conformally running up one side of the fin over the
top and down the other side of the fin. 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 finFETs 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.



[ 0003] Conventional finFETs are difficult to manufacture as integrated
circuits. Typically, manufacturers strive to make the finFETs as
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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.



[ 0006] Sonme of the problens di scussed above nmay be mtigated by
certain enbodi nents of a new manufacturing process. These
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non- sem conduct or surface on which an el ectronic device may be

const r uct eBonvElEaldevices| astic or ceramic work surface, for exanple.

The substrate 110 may be in the form of an unprocessed whole wafer, a

partially Frogessed mhple'mafﬁﬁi a fully processed whol e wafer, a
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el ectronic device, for instance.
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.



4 [0009] The substrate 110 may include an upper doped |layer 112 and a
| ower doped | ayer 114. The upper doped | ayer 112 and the | ower doped
| ayer 114 weywokaithofferently doped. For exanple, the upmarusiop®adssie

| ayer 112 may be an N+ material and the | ower doped | ayer 114 may be
a P- material. The depth of the upper doped |ayer 112 may be
general ly uniformover a substantial po#tion of the substrate 110,
such as throughout a substanti al portion of an array area of a nenory
devi ce, npl e. I
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| ayer 112 may form both a source and a drain of a transistor, and
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transistor. [O0010]FIG 2 illustrates the substrate 110 after a mask
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enbodi ment ShanAghpt ﬁgﬁn%ﬁmarranged differently, for exanple in a square

| attice, which has generally alrgned rows and colunns The mask 116
may repeat in the direction of the major axis with a period 121,

and it nay[QOQb at i nFné ipsHratst theﬁultﬁlatertéo ﬁtt?rciﬂrma%léfim & f9ymed on the
period 123. The mask 116 nay be patterned photo-resist, or the mask
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nitride, or other appropriate materials, and selectively etching the
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illustrates the substrate 110 of FIG 2 after fornmation of outer

si de- 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,



wal | spacers 124. The outer side-wall spacers 124 nay be fornmed by
depositing a conformal nitride film (or other appropriate material)
by net hod wo@wayn7ivke art, e.g., chem cal -vapor deposi tr@ms2a09¢h36816
etching the nitride filmwth an anisotropic etch, such as a plam
etch. The spacers 124 may have a thickness 126 that is generally
equal to or less than 0.35 F, 0.25 F, o5 0.15 F, or sone other
di stance, depending on the application. The outer side-wall spacers
124 may be e i r-ent. i t t .
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facilitate selective renova In as

00012] Af t far 116 and t he .outer, side-wal |l .spacers
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116 as a hard,.mask, to form deep.trenches 128 . as illustrated b | G
1% (he"t oRisiRRf chaielt Y S et PRl peadhbl HRpaonal
subsequent|ly forpmed "shal |l ow trenches,” and does not necessarily
refer gnc e SRS PHP sirasRred roRa L In ote e mpedimenfsdhohagy erangsd ¢iferently,
general ly conplenentary to the 6 outer profile of the outer )
si de-wal | &yssapple ipa squarpdaitine vhidhnay @anerally akgyedaieivs gad edwansy | The mask
perpendicularly into the substrate 110 relative to the surface of the
substrat e 11®may cpoat3h Mexditectidneof desapajor s hidswitl8periogd 13é, dnidlit maly wpedt
a sacrificial material 130, as illustrated by FIG 5. The sacrificial
mat eri al 130thadiredvien afi thexanider, axépl20 with ghpeaed 18500 mask Id6mery be patterned
appropriate material that has been deposited and planarized with, for
exanpl e, chbedtbeedist, B elvaniskall 6 plagmanihaat ik fofaMd)by depositing Slkdl@pfitn of
etch to renove an overburden. [00014]After filling the deep trenches

128 wi th sagik frigida] or BedeLhippdbprih@Onatkias, BBS keldekiGelFRYNAR thepBMRHHINRS
illustrated by FIG 6. The nask 116 may be etched wWith a process that

is sel ectiYRuh®a BALNoL Debl Blotshdfe Wal | spacers 124 and the
I

sacrificial material 130, so that at |east a portion or substantially
all of these structures 124 and 130 remain on the substrate 110. The
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t he shape of the nask
wall spacers 124. The outer side-wall spacers 124 may be formed by depositing a

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



[ 00015] Next in the process, an inner side-wall spacer 133 is forned
in the void 132, as illustrated by FIG 7. The inner side-wall spacer
133 may hawe 2aoomiatoh 134 that is generally equal to or p@Eses2hidad6sds 35
F, 0.25 F, or 0.15 F, or sone other distance, depending on the
application. In this enbodi nent, the inner side-wall spacer 133 is
formed by depositing a blanket film suoh as a nitride film and
isotropically etching the blanket filmto | eave the inner side-wall
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[ 00017] Next, the sacrificial material 130, the inner side-wall spacer
133, and t Heengeal arechanical plamarigation €dR) pr amisotrrpic ¢eh logADO¥RAN qygrburden.
illustrated by FIG 9. These features 124, 130, and 133 may be
renoved with a wet etch or other process that is selective to the
materi al t H0ldakes HfeniHlingihsseepiranchesd 28 pibGag]imialimatayist 130, & mask
FIG 9, in this enbodinent, the deep trench 128 and the shal |l ow
trench 136 1tomby heramyvddfas ménstatpd by &IG.t6y Tok npaske ¢ U6 moy bpetchalrgitll BBrocess
Both the position and the shape of the precursor pillars 138 may

cor r espond tiaoistsbiectpeso bothnheandertshie-wsdibgpecens 1 2dhmd niesdacidflGal(kdt€sial 130, so
The precursor pillars 138 may each define a generally
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the surface of the substrate 110. In this enbodi nent, the precursor
pillars 13&mirRen00. TXAGidy132I14k BY ledvildanaag 11teus béiﬁra‘l@hdenﬁ@ﬂ@&ﬂh@
124 and 133 added a generally uni form di'stance around and within the
perineter ofiotbBemgengkaldy elliptical mask 116. The precursor pillars
138 may |nclude a generally elliptical tube 140 di sposed on top of a
generally elliptical cylinder 142. The di stance 144 between the inner
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bet ween 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



8 precursor pillars 138 in adjacent rows may be approxi mately equal
to or less than 0.7 F, 0.5 F, or 0.3 F, or sone other distance,
dependi ng wo 2éve11zpPpl | cati on. [ 00019] Anot her aspect of pdBUISRIESION
pillars 138 is illustrated by FIG 10, which is a top view of the
substrate 110. FIG 10 includes dotted lines that illustrate one way
in which the precursor pillars 138 may e aligned. As illustrated,
the precursor pillars 138 are positioned such that adjacent
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precursor H9 qu?rsc%fg%l,aygf kg Ldtheeise rﬁ'ien%r ]c%eg’é iShjlow trengly A g0 may be
enbodi nents, facjlitate generally direct connections fromgenerally
strai ght ditghed vithasanigptiopigidasgrastcd or gghepsrenrigtaPTpeEsdw. [ 00020] Next
a field dielectric 162 may be forned, as illustrated by FIG 11. In
sone enbodi nents, the field dielectric 162 nmay be an oxide that is
deposi t ed WOIOK7k heni Wet. he prstifigiabmateriplod0othe Hinky ide-walhspacsr 13Baandehe
process, or in other enbodinents, the field dielectric 162 may be
grown by r euiet-ihegidetveallsapbestr i 24 mag voramaviad.ox ylilpshrated bp FiGidh athesadieatures h
ot her techni ques known in the art. Sonme enbodi nents nmay retain a
portion of 12hd38andilBB niaglbe mah@wrei atithlhB38ctashtonether glockseihal Batledtore 16 e
The field dielectric 162 may substantially or entirely fill both the
deep trenchesrihPBaangkes bp tiehabdtaw r10enches 136. [ 00021] After form ng
the field dielectric 162, the substrate 110 nay be patterned with
rows and sel ectively etched with an internmediate trench etch, as

i |l ustrat ef00y8F! GS. AdRhudifate SPEEIC. Ocial thiy embbdiment] frebidep trérdhtIRRERI the
process for patterning the rows before an

shallow trench 136 combine to define a plurality of precursor pillars 138. Both the position
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



9 internediate trench etch, and FIGS. 15-17 illustrate the resulting
structures. As illustrated by FIG 12, a mask 164 may be fornmed on

t he subst rebeoeddn7293he mask 164 may be a hard nask, suckCEBss80986520N
hard mask or a nask formed by selectively etching lines in a bl anket

oxide or nitride film or sonme other material. The mask 164 may

i nclude an open region 167 and an obstruécted regi on 166, and the mask
164 may repeat over a period 165. The size of the period 165 may be
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FIG 13, the side-wall spacer 168 nmay be formed on the side walls of
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to 1700 angstroms of material. The resulting side-wall spacer 168 may
have a wi di*fichghe %}FC‘F%% PHkss 1 18mmay bealizaeds Aqilastratrd, the presursanpinsy 138 are

equal to 0.25 F, 0.5 F, 1 F, or sone other dimension. Further, the
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of the ellipses of the mask 116 (FIG 2) and generally centered over
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formng the side-wall spacer 168, the nask 164 nay be renoved with an
etch that nsingklebimve findEflken altcteatingl sides phecemdida, sidhes eligtallmay bmidis
the side-wall spacer 168 and exposing the portion of the substrate

110 under th®odimsht, bnés sideswall Il $6is oatice syl shddGvith duteHideatalllyl,60Aut in other
illustrated by FIG 15, the substrate 110 may be etched with an

ani sot r opi em8bditheht®, thOfule heMBnsl 14D of&ﬁléjpﬂlm@ 138 B2y WAlly|paSRRE 8V &1a %@ﬁnﬂﬁy
be removed, /0 as illustrated by FIG 16. In other enbodi nen

mask 164 i %ot’%ﬂ%ﬁ@lemé&mgﬁappﬂﬂq)oﬁ%s BP—PhE Fﬁ[ é&ul 5510151115115‘ @3%%1 sJu@é%q'uént

used to formrows 170 directly. For exanple, the nask

formed, an 1dchLsﬁlgmﬁ s&@i@%ﬂi‘bg@l ﬁts faz‘,lﬁta'té %elvédlgflg%%g ggl_b\ﬂf%l{]i%glally

etchback or ot her I nni ng protess
W t h t he side-

i11ustrat est\ll zﬁ‘glllt%mt l?hseg?octtlasns%[ms as exp(i)amed]be ow

[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



wal | spacers 166, the rows 170 in this enbodi nent are generally
straight, generally parallel to the m nor axes 120 of the ellipses of
t he mask 1W6 208941@7292), and general ly centered over the mE@mis2849/035916
122 of the mask 116 (FIG 2). The alignment margin for the rows 170
may be increased by the elliptical shape of the mask 164. Because the
mask 116 has a generally elliptical shage, the alignnent and

di nensi onal tol erances for the mask 164 may be increased in t he

direction gf. #‘Eﬁla[@ﬁeﬁ'&h 8ekh s«mé%‘?%ﬁ Fll5%7 1?121?{%1% &L 16%&‘11}}3 s@ucm% Pé%\ﬁy%tﬂgald

has circl es. in sone e

sonme di stanc t hat red o t he
central aX|B ‘I:E_IL(ECZ11 ?mtaﬁ%%:ﬁy]? § Olm? ﬁ‘egu éhﬁ%&ﬁﬁ‘eﬁ mfiﬂ(o % g hard
rows 170 are positioned and sized to general fall enti reI

Cobst anti aPRERTAE Sren SpEUBEROF f RESk ByERLY i e ey hiaenines o
shal l ow trench 136 (FI G, 8). [00025] The rows 170 have a width 172
that may gé}?ek%ﬂoweebflw Y OF e iheingatesial g Bhegpask§4 snayduchede an open
spacers 168. The width 172 is generally uniformalong the | ength and
hei ght of tegon 167 786 papksirueisdscgiarol 66pand thameskh k4 rambisa¢ateyar ¢ peripd 165.
rows 170 may taper wi der toward their base or have sone ot her shape.
Furt her, i dhesaeokthd peliadelft snaytieeneraldy &indl tulye proiod 321 githe makk Y16, and
straight, e.g., the rows 170 may undul ate according to the mask 116.
[ 00026] To depiztof dichdstnasqiaesion 066 e be guerally@qudtkdonelhalfithd psioldbes
the substrate 100 without the field dielectric 162. The substrate 110

i ncl udes anfhusrthd width 069 ¢fial sidRr$alllsphcdri 8 fanrd ipthenek e l’aﬁdil”ﬂMisﬂQed by
material fromthe precursor pillars 138 (FIG 9). Int

enbodi ment reagh of the pillars 174 includes a base 176 that is a
generally right-elliptical cylinder extending generally
perpendicularly fromthe substrate 110. Extending fromthe bases 176,

in the pregmob2enbodhiBRtraed B FIQ1931K8sideaal shRY) 143 ?gﬁe%&ﬁ&i&ﬁhg
a U—shapedﬁggpfpthat defi nes ?&o Iegs 182. Theﬂ%Hhs 178 each may have

two gener alihy wRl1@5Ehe Hﬁlﬂ Fo41 841 \Jﬁﬁaxg%?glg%\ﬁlg? Sé‘ﬁ{r&hél ¥y d ositing a

convex-curved side-walls 188 and 190 e si es of t

%Eﬁscﬁ?%'t Rt} WP BENEh el ARG RSl B3 ii@ AR ﬁ@?“%%n
the top view

e odt mont Hhdtiopi <, Thes A@“?’.%w S GRS g Rlichn 5t sepdraly TresPioR ps) 20 e

fromthe other portion illars 1 t|o mnth
ref er ence [ V'S 00 oo e R o i TRt R R YAl Beet 1

and | ower d%g
may have a width 169 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,



| ayer 114.- In this enbodi nment, the upper doped |ayer 112 does not
extend bel ow the depth of the gaps 180. [00027] Once the rows 170 are
formed, a woteowhiieleectric 196 is formed, as illustratededayudzbésnsdsds
Formi ng the gate dielectric may include depositing a | ayer of oxide,
oxynitride, a hafniumbased high-k dielectric, or other appropriate
materials. The gate dielectric 196 nay b2 forned along the walls 184
and 186 of the fins 178 and the top of the base 176 (FIG 18). In

some enbod hmﬂhtgat%cgb F}pﬂ? 'lﬁ nInOJthé’%l gziin{egﬁ %@tnﬁslg ﬁ@ti dﬁ %F{ do(ﬁbljegpqtfg%jY altPcF

renoved fromt ect

be left on, the top of .the 170 00028 198

f or med, as’ | IHaH%IP&'aP%%leWS%?@IS%ed tﬁ‘? “lé pr%f (g %éﬁ%‘ag}l) Ef‘r@led?“k
doped pon |co Ti N, or .other n ive eri

P enbou LR O fmgt Bl i e eRp et b UL rUrSG bR,
filmof the ate materjal and anisotropically etching the gate

mat eri al t EIo@aPeo@sIfBINGELIPrSeer s of gate material. The 12

illustrated gates 198 extend along the sides of the rows 170 so that

t hey overlgﬁ both the bottom of the gaps 180 and the upper doF
| ayer 112 Hi00¢He sub%lﬁsaﬂ@rlﬁilblsvﬁtawatmsﬁmq% of fhetraws t%ﬂltb hetsiis-
| egs 182. In sone enbodi nents, the gates 198 nay have a wdth 195

that is geMelapiogrsdghathe rawsoi7Olimths qrnbadimens are, ccaerally $tejehtegpneselly parallel

separated by a gap that is generally equal to 0.5 F. [00029] At this

stage of t hetheemudraseurd0ng thereblgessof thamhskof16t(RES.i2), and igemradly dentesd br8r
the central axis 122 of the mask 116 (FIG. 2). The alignment margin for the rows 170 may
be increased by the elliptical shape of the mask 164. Because the mask 116 has a generally
elliptical shape, the alignment and dimensional tolerances for the mask 164 may be
increased in the direction of the major axis 118 (FIG. 2) relative to a mask 116 that has
circles. Thus, in some embodiments, 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. 8).

[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



(FIGS. 17 and. 18) constitutes a transistor 199 (FIG 20). The two
| egs 182 (FIGS. 17 and 18) are a source and a drain, and the materi al

adj acent tWwe 206941929384 and 186 of the fins 178 (FI GS. lgcriskodoRsedi®r m
a channel, as illustrated by arrow 200 (FIG 20), representing

current flow through the transistor 199. To turn on the transistors
199, a voltage nmay be asserted on the gates 198, and a vol tage
between the source (Vs) and drain (VD) may drive current 200 through

t he Channelembzmﬁle L:z%%toufﬁ{ 1&15 ?’fhslh& L5, the 1%&1&? ag rrexal egrh 8111 fical
HARS-Egled

dual - gat e tranS|s ors gate transi stors,

adj acent ea h mall 84 and FIGS ] ] g ]

be. aner gi > COMSEEBFI FOoTY B %W“bafl%’ﬁh%“ﬂ 8?&@3“8‘8530 Eﬁ“&gd%g ghite
either side of _a row 170 nay be energize eneral |y S|nultaneously
one gate 198°HA{S HhheRESEZEGOdRNL ﬁfaﬁrtsﬁégaaﬁéhavnaa el 80 4¢-8s2 Yos
may be energi zed i ndependent of one another. In sonme enbodi nents, the
gates 198 egh s3R)ithat Kofings twplees £33, Hierfinghgd padbenaythave svpsgzenprlly glagar
the gates 198 one either side of the rows 170 may connect at one or
bot h ends oflls h¥d ardnS6 2Rd twg gaealy sonngkicatrved efdedells d 8% andahpOb ddditionally,
connected to the transistors 199. For exanple, the transistors 199
may connecthetsidesbhthe ghpsaldiisdhodeswh@Ondralyf ammava-qored eglsovalls dH2 and 194.
application specific integrated circuit (ASIC), or static random
access nmendhy crSRAN of tiise Waks 184an8d, I0Drahd IMBY isGNNIAGH i thedosieewvee FIG. 18.
specifically configured to store data, such as a capacitor 13 or
phase change in®iRied by BI8. X aiisenbbditneRt, @B fallgoaionf BlilEed 1¥RHRY Y
device is |IIustrated by FIGS. 21-23. [00031]A er fornlng t he gates

198, the gaiRsenh§RopRYAdS ettt 3bRJnYbL He ﬁllqulsell’lﬁchr InfenfiBRd a%g\%"(vitt}p

nore clearly illUstrate other features), and data lines 202 may be

formed on 12 éns,nc,q: ngtf ke su@s%a'té il'éqﬂélﬁaegquéf dE%e% la?e]‘ llggﬂﬂ@&add eﬁles

202 may be fornmed with process sim process used

to pattern fhe r 140% meo':d0 et R a}pce ol 10e QL BN 4b06 AR fepth
B PR ARt at 5 RRHaE P

i nes 202 a & orne y app ylhg trv
mat eri al F att |ng the filmwth a side- mall spacer mask siml ar
to the one®f B§R ed by FIG 14, except oriented generally
perpendi cular to the side-wall spacers 166 of FIG 14. The data |lines

202 may ge 3+Iy aljgn with of . the | egs 182 of g¥of th flns
176. The dlW2Mk nes Qgcf ‘fﬁ%ﬂﬁ?ﬁ OGP GHE ST il e g Alugistsa
doped ponS|I%§o%
Fonmno 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



[00032]In this enmbodi nent, the data |lines 202 are generally or
substantially straight and generally align with | egs 182 on

al ternati ngosiooer7s the fins 178, as illustrated by Flgr@hoandsdréG
22, which is a top view of the perspective illustrated by FIG 21.
The data lines 202, in this enbodinent, are generally or
substantially strai ght because the precésor pillars 138 are aligned
wi th overl apping tubes 140, as illustrated by the dotted |ines of
L3 10, Comgale Yol 1980018 ki bRt b BP0l R By R A BB1h the

bel i eved to reducg& parasitic capaci ce and resistance’re
data |ines | at I.n ..ot her enbodi nent,s.. ..t hough, ta
i nes 202 r?%{ggrhg? &%gaaselﬁggragplﬂif k] els‘%ﬁ%f%ﬁ%ﬁg?lo; ﬂ%ets g%&ﬁtllaﬁwg&g’] tpﬁ

the illustrated embodiment, the transistors 199 extend out und
al T or nat | nd 41 GREOP PRIRAEh ThEE IBROITEGS e gEet Somap A BRcy 9795

For exanple, the transistor 199" is on a different side of the data
line 202 f tptisigsaerailnpmsbiosy &syten U4ty andthey mapibe senarated Ry mgadrthatinhe
transi stor 199" in the direction of the data |ines 202. Together, the
14 transi seepesallyogual ta §F'F. and 199"' are part of a columm 201", which
is partially overl apped by adjacent columms 201" and 201". |In other
enbodi nents, the colums 201 may not overlap, and the transistors 199
may be on {H¥28bhnme spH@isoRageieéthganamufachese poress] GO AT HEusHatad fins 178
termnal of the transistors 199 nay be connected to capacitor plates
204, as il (KI&iS: 47 emtl 1B) chhs@tut@3 tranbigtor dAPREIG020)pTae oo RO §PAYI@RAA and
i nclude a neck 206 and a cup 208. The necks 206 may connect the
capaci t or s 120ate t courtrearsicidreia, 0 thk mbtarigfadfabent theamaisdB8o asd 18Pof\thafianl 78
exposed, top portion of one of the legs 182. To form capacitors, the

capaci t or pFi@Ses7 208 gy@yrmbeclieand ef iMishited o Arrawd0o (EICT. 0 repadei@t her
conductive film The second filmmy form another plate to create

capaci t or s ¢t @etvagkoh th tha@rahdiansigd! QosurhdB.thd FARRRE] DoOREsIRLL Ay be
each pair of a capacitor plate 204 and transistor 199 may
asserted on the gates 198, and a voltage between the source (Vs) and drain (Vp) may drive
current 200 through the channel. The illustrated transistors 199 may be referred to as dual-
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 partiaily 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



cooperate to store -data by accumul ati ng a charge on the capacitor
plates 204. To wite data to a selected capacitor plate 204, the
associ at edwioransiisier 199 may be turned on by energi zi ngcitso@atsedis)
198 (FIG 20), and current 200 may flow through the transistor 199 to
or fromthe capacitor plate 204. The capacitor plates 204 nay be
addressed according to the conbination ¢3 the gate(s) 198 and the
data line 200 that connect to the transistor 199 associated with a

[ i I ' t . b
et orrod t o e b Pty Oh QRS IATHIRN By bk SALES BRIRY, 15
as bit Iin%lmnTodEeﬁﬂjgg%gﬁgron1a sel ected capacitor plate 204, the

associ at ed 't PAAST 8¢ o y be turned on, and the voltage of the

data line 200 connected to the transistor 199 may be sensed.
[ 00036] Whi | invention my be s tibl 0_vari.ou . . .
modi fi cat i 8@55’52% Al PEPLSHPE okl ,‘13%3@%%%8? B el GoiTated gt a gileric
shown by of exanple in the draw ngs and have heen described in
detai | her 61 ShogloRe cleaily ISP A St a0t A TRa Fdmerpm
not intended to be limted to the particular forns disclosed, Rather,
the 15 i nHehtielairicsastiBustigidbyAiE. Hodiheidaiatlingh302 maubs/toraed with g pepeess
alternatives falling within the spirit and scope of the invention as
def i ned by simlar oot pigicesy tgs pan teed te pafiersthe raves (0AIHoBinstncepiniengi ce,
conpri si ng:
embodiment, the data lines 202 are formed by applying a film including a conductive
material and patterning the film with a side-wall spacer mask similar to the one illustrated
by FIG. 14, except oriented generally perpendicular to the side-wall spacers 166 of FIG. 14.
The data lines 202 may generally align with one of the legs 182 of each of the 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 emb.odiments,

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
1997 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



a data |ine; a plwurality of transistors each having one termnal
connected to the data line, wherein another term nal of each adjacent
transi st orwof2bdma7kural ity of transistors extends out FdER0U’2009/036816
alternating sides of the data |ine, and wherein each transistor anong
the plurality of transistors conprises a fin. 2. The device of claim
1, wherein the fins are generally arranged in a hexagonal |attice.

3. The device of claim1, wherein the fin conprises a gap and two

| egs. Tjaﬁsﬂ&\é'@é‘* g%’%la% P Y\{]I?ag%fq ctoﬂ?ﬁdi’m - %ihq?ﬁﬁlﬁw{ehgﬁ)e@

first dope reg on 0 secon ed're
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connects to o he two S. 6. The devi wher ei n
m ext ends OV AR EmSIH: i it P thg aege side ofthe Gaelines 202
[00034] The other terminal of the transistors 199 may be connected to capacitor

plates 204, as illustrated by FIG. 23. The capacitor plates 204 may each include a neck 206
and a cup 208. The necks 206 may connect the capacitors 204 to the source or drain of the
transistors 199 via an exposed, top portion of one of the legs 182. To form capacitors, the

.capacitor plates 204 may be coated with both a dielectric and another conductive film. The

second film may form another plate to create capacitors connected to the transistors 199,

[00035] In operation, each pair of a capacitor plate 204 and transistor 199 may
cooperate to store data by accumulating a charge on the capacitor plates 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



7. The device of claim1l,. wherein the data line is generally
straight. 8. A device, conprising: a nenory device, conprising: a
plurality wo2ewd7losnes extending in a first direction;prcr/pdo60a36d1y
of data lines extending in a second direction; 17 afin
connected to one of the data lines anong the plurality of data |lines
and di sposed adj acent and between two of5the word |ines anong the
plurality of word lines, wherein the fmextends froma generally

el liptical . 1 MR & [
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11. The device of- claim8, wherein the fin conprises two | egs
separated by a gap. 12. Atransistor, conprising: a fin extending
fromthe base, the fin conprising: a first leg; a gap that is a
section of a generally elliptical shape; a second |eg separated from
the first leg by the gap; and a pair Pg side-wal | spacer gates

di sposed on opposite sides of the fini® 13. The transistor of claim
12, wherein the pair of side-wall Sé)acer gates overlap both the first
|l eg and the second | eg. CLAIMS

1. A device, comprising:

a data line;

a plurality of transistors each having one terminal connected to the data line,
wherein another terminal of each adjacent transistor of the plurality of transistors
extends out from alternating sides of the data line, and wherein each transistor among

the plurality of transistors comprises a fin.

2. The device of claim 1, wherein the fins are generally arranged in a hexagonal
lattice.

3. The device of claim 1, wherein the fin comprises a gap and two legs.

4, The device of claim 3, wherein the two legs each comprise a first doped region

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 data line is generally straight.

8. A device, comprising:
a memory device, comprising:
a plurality of word lines extending in a first direction;

a plurality of data lines extending in a second direction;
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a fin connected to one of the data lines among the piu.rality of data
lines and disposed adjacent and between two of the word lines among the plurality of

word lines, wherein the fin extends from a generally elliptical base,

9. The device of claim 8, wherein the fin comprises a source, a drain, and a

dielectric material disposed between the source and drain.
10.  The device of claim 8, wherein the data lines do not undulate over the fins.
11.  The device of claim 8, wherein the fin cbmprises two legs separated by a gap.

12, A fransistor, 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.

13.  -The transistor of claim 12, wherein the pair of side-wall spacer gates overlap
both the first leg and the second leg.



