TRANSI STOR W TH A PASSI VE GATEAND METHODS OF FABRI CATI NG THE SAME
BACKGROUND Fi el d of Invention [0001] Enbodi nents of the invention relate
gener al | ywoaoslmet9soni ¢ devi ces and, nore specifically, PCH/USRIMAFI646

enbodi nents, to asymmetric fin transistors. Description of Related Art
[0002] In many types of electronic devices, transistors are used to

sel ectively conduct current. The transistors usually include a source, a
drain, and a gate. The gate controls current flow ng between the source and
the drain. Transistors are often characterized by a threshold gate voltage,
bel ow which the transistor is considered to be in an off state and above

the Tl ow of IRANPISTORIFIIICA s{&ﬁSIYEof(ﬁ AT I ND NIETHODSPRCe
transistor is held bel oWORFABRICATING @Aé\%eE sone transistors

function in the opposite manner-conducting current at a sub-threshold gate
vol tage and inpeding current at a higher gate voltage. [0003] Wen a
transistor is in the off state, sBACKGR@UNDmy still |eak. Electric
fields wthin the transistor may form conductive paths through which
current escapes. Oten when the transistor is off, the gate voltage is
di f f er ent FKieldmftlheerdiomi n vol tage. This voltage difference nay forma
relatively strong electric field, as a portion of the gate is

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

more specifically, in certain embodiments, to asymmetric fin transistors.

Description of Related Art

[0002] In many types of electronic devices, transistors are used to selectively
conduct current. The transistors usually include a source, a drain, and a gate. The gate
controls current flowing between the source and the drain. Transistors are often
characterized by a threshold gate voltage, below which the transistor is considered to be
in an off state, and above which the transistor is considered to be in an on state. Thus, to
impede the flow of current when the transistor is off, the gate voltage of the transistor is
held below the threshold voltage. However, some transistors function in the opposite
manner—conducting current at a sub-threshold gate voltage and impeding current at a

higher gate voltage.

[0003] When a transistor is in the off state, some current may still leak. Electric
fields within the transistor may form conductive paths through which current escapes.
Often when the transistor is off, the gate voltage is different from the drain voltage. This
voltage difference may form a relatively strong electric field, as a portion of the gate is

frequently disposed near part of the drain. The resulting electric field can cause charge



frequently disposed near part of the drain. The resulting electric field
can cause chargecarriers to flow between the drain and the substrate on
whi ch t hewOnrangizs49er is formed, a phenonenon referred t@cagws2gansssucduced
drain | eakage" (G DL). BRI EF DESCRI PTI ON OF DRAW NGS [ 0004] FIGS. 1-25
illustrate an exanple of a process for formng an array of transistors in
accordance with an enbodi nent of the present technique; [0005] FIGS. 26-33
illustrate a second exanple of a procesg for formng an array of
transistors in accordance with an enbodi nent of the present technique; and

[0006] Fl GRrricddtoPow bétweth aleir@intahd fik @¥ArRE 8n Shich (RE BERTSof i9ForhRUM Ng an
array of transistors in accordance with an enbodrnent of the present

t echni que. | T. ] ates a first step in
an enbodrﬁEEFaﬁ%kgqggggggigt5§h%%@§%%§h§h§%%% k#E{Lansistors. The process
may begin with obtaining a substrate 110. The substrate 110 may i ncl ude
sem conductive materials such as single- crystal or polycrystalline silicon,
gal I i um arseni de, indiumphasph iat- 2 W th sem conduct or
properties. Alternately, or—ado =St e 110 may include a

non senlc tor N eIect Ly e dev e Jmay. be constfucted,
i e SR TR R R Rt S T
substrate enconpasses these structures in a varretg,of st ages of
manuf act urtENSisRE} Bdcrydaireuript Yrarkedimgpaf dhepiresnt tehnjgrei al I'y- pr ocessed
whol e wafer, a fully- processed whol e wafer, a portion of a diced wafer, or
a portion of a diced wafer in packaged electronrc devi ce. [ 0008] The
subst r at e [08®]may i AdGSd26-3A ﬂrll}ﬁfé'?ﬁ afspenl exegipdmofianproeasd fer foppee an array

of transistors in accordance with an embodiment of the present technique; and

[0006] FIGS. 34-45 illustrate a third example of a process for forming an array of

transistors in accordance with an embodiment of the present technique.

DETAILED DESCRIPTION

[0007] FIG. 1 illustrates a first step in an embodiment of a process for forming an
array of transistors. The process may begin with obtaining a substrate 110. The
substrate 110 may include semiconductive materials such as single-crystal or poly-
crystalline silicon, gallium arsenide, indium phosphide, or other materials with
semiconductor properties. Alternately, or additionally, the substrate 110 may include a
non-semiconductor body on which an electronic device may be constructed, e.g., a body
such as a plastic or ceramic work surface. The term “substrate” encompasses these
structures in a variety of stages of manufacture, 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.



doped region 114. The depth of the upper doped region 112 nmay be generally
uni form over a substantial area of the substrate 110, and the upper doped
regi on 1MMoraw/dsessdoped differently fromthe | ower dope@Cragean/0idds For
exanpl e, the upper-doped region 112 may include an n+ material and the

| ower - doped region 114 may include a pmaterial or vise versa. [0009] Next,

several filnms may be fornmed on the substrate 110, as illustrated by FIG 2.
A pad oxide 116 may be forned on the upper doped region 112. The pad oxi de
116 may have a thickness | ess than about 300 A e.g., less than or equal to

about 80 Aoows| be Usﬁfeuslubstﬂz-l?telHﬂﬁa?iﬂcﬂﬁle%ﬂi@pﬁ&%o@@df%ﬁéﬁaﬁl%&rﬁim Bw¥ari ety of

techniques For instance, it may be grown by exposing the substrate 110 to
oxygen, €.4& fm‘c M1 QB 3 Epddt 198 ,fiGR Lhif
atom c-| aye ed E%om ?ﬁﬁﬁﬁ ﬁgﬁﬁj ? %aﬁgggﬁep05|? %! ,léynhther
processes. A st gr %Vﬁ% | a b t he ad oxi de
6w th w6 S sarpne e tnand it T oty g e goriiage 1125 e, “such
as silicon nitride, and it may have a thickness |ess than about 300 A,
e.qg., aboutoposdifferenylyreony &@flewer daped regien 1 Hb Irsepmpley thetuppersdapgdcr i bed
herein, the stop body 118 is not Iimted to these dinensions or materials.
A sacri fi aegbnBddnay2acindeyarber motemeldamothe hevestdopedegdionlll8. mafhieckidenipf i ci a
body 120 nay be nade of polysilicon and it may have a thickness between
about 500 hatangd calketyera000 A, e.g., about 1000 A may be useful. The
sacrificial body 120 nmay be formed with CVD or other appropriate processes.
A I ower nasking body 122 may be formed on the sacrificial body 120. The
l'over nmaskipp) Next, several films may be formed on the substrate 110, as illustrated by

FIG. 2. A pad oxide 116 may be formed on the upper doped region 112. The pad oxide

116 may have a thickness less than about 300 A, e.g., less than or equal to about 80 A

may be useful. The pad oxide 116 may be formed with a variety of techniques. For

instance, it may be grown by exposing the substrate 110 to oxygen, e.g., in a diffusion

furnace, or it may be deposited with atomic-layer deposition (ALD), chemical-vapor

deposition (CVD), or other processes. A stop body (e.g., a layer) 118 may be formed on

the pad oxide 116 with, for example, CVD. The stop body 118 may include a nitride,

such as silicon nitride, and it may have a thickness less than about 300 A, e.g., about 95

A may be useful, but like the other structures described herein, the stop body 118 is not

limited to these dimensions or materials. A sacrificial body 120 may be formed on the

stop body 118. The sacrificial body 120 may be made of polysilicon and it may have a

thickness between about 500 A and about 2,000 A, e.g., about 1000 A may be useful.

The sacrificial body 120 may be formed with CVD or other appropriate processes. A

lower masking body 122 may be formed on the sacrificial body 120. The lower masking

body 122 may be made of an oxide and it may have a thickness between about 500 A

and about 2,000 A, e. g., about 1000 A may be useful. The lower masking body 122 may



body 122 may be nade of an oxide and it may have a thickness between about
500 A and about 2,000 A, e.g., about 1000 A may be useful. The | ower
maski ng bwoyowazo4svaybe fornmed with CVD, a spun-on-di el e@CCTIUS2@OO64886, Or

ot her processes. Finally, an upper masking body 124 may be formed on the

| ower maski ng body 122. The upper naski ng body 124 may be nmade of carbon or
other materials formed with CVD or other processes, and it nmay have a

t hi ckness between about 1000 A and aboug 3000 A, e.g., about 2000 A may be
useful. [00010] Next, a columm nask 126 nay be fornmed, as illustrated by

FIG 3. (ﬂ’é@oﬁﬁ&f‘@vuﬁ@m spdRR%- d?élEctﬁ@Eﬁfce@sooﬁ&MelﬂﬁfBédsgé{!| FHinaNQr é@ﬂ{i}kﬁ'
direction on the substrate 110 other than a direction that is different

fromthe dhERRB2nSHRSAHEN Xl A LARURRH LAV 18X bBadoder HiRiig! U

mask 126 may | ttern I nes ed gi ons aV|ng a

dth 128 a 0sS ns ha ng a dt 30. Th ths. 128 and 130
Ty be gerbnsIF TR aﬁewoatVO'ﬁe the OB r AR O QU aee Gropfses
| ithographic-resolution limt (e. t he 8hotollthqg{aphlc -resolutlon
linmit, or awlaf rﬁﬁfxﬂm@a&tﬂ%ﬂ@ﬁﬁ)@t}ween@b@ﬁrwa Poangsabopt 300PHe ccHi AheHt FRINA 126

may have a pitch 132 (e.g., a distance over which a pattern repeats) that
i s generalthay egusafulto 2 F. The lines fornmed by the colum nmask 126 nay be
generally straight, generally parallel to each other, and nay generally
extend in the Y-direction. These lines may be generally continuous and

general | y [000700r m i rNéxen Mldinnh @tk 0P6 nlan be theiedenditlds et By FIe. | (iThes
formed by the colum mask 126 may have ot her shapes, e.g., they may

undul at e (&m@«colitin’aficks d@WrRfer 8 hhy ﬁﬂﬁcﬁlhgﬁﬁnzoﬁ{al B9t dibn chhRY sR¥arvaly in

width in the Y-direction, or they may be forned
other than a direction that is different from the direction that subsequently-introduced
rows extend.) The column mask 126 may include a pattern of lines that define masked
regions having a width 128 and exposed regions having a width 130. The widths 128
and 130 may be generally equal to each other and each generally equal to the
lithographic-resolution limit (e.g., the photolithographic-resolution limit, or minimum
feature size), referred to as “F.” The column mask 126 may have a pitch 132 (e.g., a
distance over which a pattern repeats) that is generally equal to 2 F. The lines formed by
the column mask 126 may be generally straight, generally parallel to each other, and may
generally extend in the Y-direction. These lines may be generally continuous and
generally uniform in the Y-direction. In other embodiments, the lines formed by the
column mask 126 may have other shapes, e.g., they may undulate (e.g., up and down, left

and right, or both), they may vary in width in the Y-direction, or they may be formed

from a plurality of shorter segments.

[00011] After forming the column mask 126, a column hard mask 134 may be
formed, as illustrated by FIG. 4. The column hard mask 134 may be formed by

generally-anisotropically etching (e.g., with a directional plasma etch) the portion of the



froma plurality of shorter segnents. [00011] After form ng the colum mask
126, a colum hard mask 134 may be fornmed, as illustrated by FIG 4. The
col um hawo 208880034 nay be formed by generall y-ani sotr @piraskéog/oeteshi ng
(e.g., with a directional plasma etch) the portion of theupper maski ng body
124 and the portion of the |l ower masking body 122 that are di sposed under
the regi on not covered by the colum mask 126. In sone enbodi nents, the
etch may stop on or in the sacrificial Body 120. [00012] Next, the col um
mask 126 may be renoved, and the colum spacers 136 may be forned on the

si dewal | s \phet Ilﬂﬁsk@;’x)éfwﬂ} Pargd MRskordStof @8 1dwdrusdskplearbdhy 2bkfat ae. The col um

spacers 136 may be forned by depositing a general conformal film(e.g., a

. \ . . ly ( .
e sl GEREREt ST SHOEaR IR oy oy O, ot

structure I'sotropical o renpve It from
hori zontal . surfaces, |eavi.ng materi.al, di sed agai nst generally vertica
surf aces 6he?%£n§ﬂﬁgﬂyﬁkgqﬁ?%?“ﬁﬂémgUW%Wﬁagpacers 136 may be made of an

oxi de, and they nmay have a width 138 that is |ess than 100 nm e.g., |ess

than or equal to about 36 nm The colum spacers 136 may narrow the area
exposed by0PH2lcol uifeidhe colnar mak 126 mpyvfiederoyoh apd e qolumpgpacey 440 or
equal to about F, e.g., equal to or less than about 3/4 F, 1/2 F, or 1/4 F.

[ 00013] Neray, beatoringd o theasideavably of-thg.coBimrcludrd mmsk d o4 .aus iillbustiared yHd€. 342 may
be formed. The colum isol ation trenches 142 may be formed by

ani sot r opiT®ldojured giacarg 186 engedsetkd Bodapositing b wesdrall heontoimufiliagageas 136.
The columm isolation trenches 142 may have a width 141 that corresponds to

(e.g., is gRN@AAEL bY (&REAlY iffofth thiskiRisOBRbbthQRALcal and horizontal structures) and,
then, anisotropically etching that film to remove it from horizontal surfaces, leaving
material disposed against generally vertical surfaces on the substrate 110. The column
spacers 136 may be made of an oxide, and they may have a width 138 that is less than
100 nm, e.g., less than or equal to about 36 nm. The column spacers 136 may narrow the

area exposed by the column hard mask 134 to a width 140 that is less than or equal to

about F, e.g., equal to or less than about 3/4 F, 1/2 F, or 1/4 F.

[00013] Next, as illustrated by FIG. 6, column isolation trenches 142 may be
formed. The column isolation trenches 142 may be formed by anisotropically etching
the exposed regions between the column spacers 136. The column isolation trenches 142
may have a width 141 that corresponds to (e.g., is generally equal to or is proportional
to) the width 140. The column isolation trenches 142 may generally extend in the Y-
direction and may be generally parallel to each other and generally straight. The cross-
sectional shape of the column isolation trenches 142 may be generally uniform in the Y-
direction. In some embodiments, the column isolation trenches 142 may have a depth

144 that is between about 500 A and about 5000 A, e.g., about 2500 A.



to) the wwdth 140. The columm isolation trenches 142 may generally extend
in the Ydirection and nmay be generally parallel to each other and generally
st rai ght .wohelomse®ssecti onal shape of the columm i sol at iPom/usc@anbesss 142 may
be generally uniformin the Ydirection. In sonme enbodi nents, the colum

i sol ation trenches 142 may have a depth 144 that is between about 500 A and
about 5000 A, e.g., about 2500 A.[00014] After form ng the colum isolation
trenches 142, they may be filled partiably or entirely with a dielectric
146, as illustrated by FIG 7. The dielectric 146 nay be nade of a variety

of materi ghggr43uch agfi@FoRHingdehe @henh isolfibn RRNéEHRDGA2 WhéPmay wakiigdy of |iner
films (not shown), such as an oxide liner and a nitride liner. The |iner
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interacti e i er g materials during
downstream processing. As will be appreciated, the.liner n be di sposed or
o own by d ot A WonmruRReR Ru M Pae ent it BB B8 for med wi 0
a variety of processes, such as a high-density plasnma CVD process. In sone
enbodi nent'grietyrqfdines Blopsyingt shgwinhesugh ay wce¥idelina@gnd ppirigelipesimIde linge col um

i solation trenches 142 may be inplanted or diffused wth a dopant (not
shown) selmgt edintlmdédirat dnbanel the thargadrisyics sopravent shdasohble egeaptiappiabe ng
sides of the colum isolation trenches 142. [00015] Next, the substrate 110

may be pl ani@edtzed46 asthivnbesfih@hRery duriee ddwnBranapiozéRmet e willtst rate 110
may include etching the substrate 110 or polishing the substrate with

chem cal - npshank&athRlRPAL! %@His%seﬁg}/l%}owfb?&%? &&ﬂkﬁ%aﬂﬁ%hﬂigﬁsu Gl €MoVi Ng
bot h the upper masking body 124 and the | ower maski ng body 122, and

dielectric 146 may be formed with a variety of processes, such as a high-density plasma

CVD process. In some embodiments, prior to forming the dielectric 146, the bottom of

the column isolation trenches 142 may be implanted or diffused with a dopant (not

shown) selected to further electrically isolate structures on opposing sides of the column

isolation trenches 142.

[00015] Next, the substrate 110 may be planarized, as illustrated by FIG. 8.
Planarizing the substrate 110 may include etching the substrate 110 or polishing the
substrate with chemical-mechanical planarization (CMP). Planarization may include
removing both the upper masking body 124 and the lower masking body 122, and
planarization may stop on or in the sacrificial body 120. Additionally, an upper portion

of the dielectric 146 may be removed.

[00016] Next, the sacrificial body 120 may be partially or entirely removed, as
illustrated by FIG. 9. Removing the sacrificial body 120 may include wet etching or dry
etching the substrate 110 with an etch that selectively etches the sacrificial body 120
without removing a substantial portion of the exposed dielectric 146, i.e., with an etch

that is selective to the sacrificial body 120. An etch is said to be “selective to” a material



pl anari zation may stop on or in the sacrificial body 120. Additionally, an
upper portion of the dielectric 146 may be renoved. [00016] Next, the
sacrifi civab 203020 may be partially or entirely renovedI/usgomlob4ess r at ed
by FIG 9. Renoving the sacrificial body 120 may include wet etching or dry
etching the substrate 110 wth an etch that selectively etches the
sacrificial body 120 wi thout renoving a substantial portion of the exposed
dielectric 146, i.e., with an etch that7is selective to the sacrificial
body 120. An etch is said to be "selective to" a materialif the etch

renoves t hatheRBdhaemdhethhAMbriAIQMMGuD B nfo vt §idtah8h1 ABRMNGT QherdlhRIoft YPES
of material exposed on the substrate. After renpving the sacrificial body

120, genergll Y, \ghidah Y gl gt?&tt; ORB AR IR Rl Ldhe | S LERGaeS Ty

extend from rate a secon mi “spac 150 may
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col um spacers 136, the second col um spacers 150 may be forned by
deposi tin nerally conformal filmon_ the substrate 110 an

ani sot r opﬁ@%‘? o et cH¥Sig & 156019 ¢dhimnepaces k0 may ke famgd athg $196W%Mé1&? from

the horizontal surfaces, leaving the material on the vertical surfaces on
t he substuaneaHXQmﬁfﬁaﬂsb@mnd1é§bﬁdwk$panbksaﬂﬁmmwuyibﬁFHﬁd@.o%swhbﬂsane
material as the dielectric 146, e.g., an oxide, or they may be nade of a
di fferent pratiendlytesciibed sgomndpaelsulds, Seaesins cbhnmepactiaus mawibdt h 151 t hat
is less than or equal to about 100 nm e.g., less than or equal to about 36

nm The spaaRESHIADSRY e dethasiAcoMoinh g omw@ﬁﬂtraénq@ aRd aﬁ@&?@ﬁe‘%ﬂ%ﬁo
that is | ess than or equal to about 1 F, 3/4 F 1/2 F, or
etching the film until the film is generally removed from the horizontal surfaces, leaving
the material on the vertical surfaces on the substrate 110. The second column spacers
150 may be made of the same material as the dielectric 146, e.g., an oxide, or they may
be made of a different material. The second column spacers 150 may have a width 151
that is less than or equal to about 100 nm, e.g., less than or equal to about 36 nm. The

spacers 150 may define a width 154 between adjacent spacers 150 that is less than or

equal to about 1 F,3/4F, 1/2F, or 1/4 F.

[00018] After forming the second group of column spacers 150, an intra-device
trench 152 may be formed, as illustrated by FIG. 11. The intra-device trench 152 may be
formed by anisotropically etching the exposed regions between the second column
spacers 150. The intra-device trenches 152 may be substantially parallel to each other
and the column isolation trenches 142, and they may generally extend in the Y-direction.
The intra-device trenches 152 may have a depth 154 that is both less than the depth 144
(FIG. 6) of the column isolation trenches 142 and greater than the depth of the upper

doped region 112.



[00018] After formng the second group of columm spacers 150, an
intra-device trench 152 may be forned, as illustrated by FIG 11. The

i ntra-dewoeotwsnoh 152 may be fornmed by ani sotropi cal | yCetushiomagsiche
exposed regi ons between the second col um spacers 150. The intra-device
trenches 152 may be substantially parallel to each other and the col um

i solation trenches 142, and they may generally extend in the Y-direction.
The intra-device trenches 152 may have a depth 154 that is both | ess than
the depth 144 (FIG 6) of the columm isolation trenches 142 and greater

than the qppdiv]of t heeUPREEIERRAYE RS RTolids hOARIBkdBY G aIdiBlect ric 156
may be fornmed, as illustrated by FIG 12. The dielectric 156 may be forned

wth a th!cﬁ%‘l?&ﬁ§ 15&‘%%@?&@%@3@259}{8{1@%@?&{% es 51?85&&?1‘&919%%@9 1 kel i hood

that the intra-device'tre are or exanp € dielectric

156 may have a.thjic s l.ess than out  80Q A, _e.qg..,l.ess than or. equal to
about 400 Theredte f SRERoor 1 abe Tty SRR ubechss S afkaines TRr PrARTCy L 1
tetra-ethylortho silane (TEQS), e.g., with CV/D TEGCS, or other appropriate
di el ect ri diglagtee il ap mayhree athitkaessy e thasaheny 8P Adegsidss unagr egval i ng
formed by heating the substrate 110 to drive volatile conpounds fromthe

di el ect ri ;abdsBi00] HA0DROHiekictrer 1 5oonay mgludher bi¢ fdrmed piimatib6with hetrasathydt r at e 110
may be planarized, as illustrated by FIG 13. The substrate 110 nay be

pl anar i zedritotsilakMTEGB), €t hilhaCKDIIEDS %% ofRr Gppropryatél@Rostrid Mgtedals.
sacrificial planarizing material and then etching through the sacrificial

pl anari zi nﬂwﬁﬁél@&h@hg@ﬁﬁyib@td@nééfl‘i%?!lﬂée)%ibﬁglé%fdf&%Wl?e%)ing tle AbiiLke fAPLOPr I ate

processes. The stop body 118 ( functi‘on as a planarization stop,
| npedi ng drive volatile compounds from the dielectric 156.

[00020] After forming the dielectric 156, the substrate 110 may be planarized, as
illustrated by FIG. 13. The substrate 110 may be planarized with CMP, an etch-back
process (e.g., by depositing a sacrificial planarizing material and then etching through the
sacrificial planarizing material and into underlying structures), or other appropriate
processes. The stop body 118 (FIG. 2) may function as a planarization stop, impeding
removal of material from the upper doped region 112 and the pad oxide 116. After
planarization, the material from the stop body 118 remaining on the substrate 110 may be
removed, e.g., with a wet etch that stops in the pad oxide 116 or the upper doped region

112.

[00021] Next, a row mask 160 may be formed, as illustrated by FIG. 14. The row
mask 160 may be substantially perpendicular to the column mask 126 (FIG. 4). The row
mask 160 may be formed with photoresist or it may be a hard mask, for example, and it
may be patterned with photolithography or other lithographic processes, €.g., nano-
imprint lithography or electron-beam lithography. For example, the row mask 160 may

be formed by patterning a body of amorphous carbon that is formed on the substrate 110.



removal of material fromthe upper doped region 112 and the pad oxide 116.
After planarization, the material fromthe stop body 118 renmi ning on the
subst r at ew02010m39498e renoved, e.g., with a wet etch tharcstuspaiomschre pad
oxi de 116 or the upper doped region 112. [00021] Next, a row mask 160 may
be formed, as illustrated by FIG 14. The row mask 160 rmay be substantially
perpendi cular to the colum nmask 126 (FIG 4). The row nask 160 nay be
formed with photoresist or it may be a hard mask, for exanple, and it may
be patterned with photolithography or other |ithographic processes, e.g.,

nanoi mpr i Nipel dnd WRRAMoAMA! RALIAGT RERMthibLRRYIAPMY aFAlt 36¥@ADEQ,, at he T ow
mask 160 nay be fornmed by patterning a body of anorphous carbon that is

o o o0 R G T AP R By LAt

t hi ckness | ess an about Y an or equal to
about 2000 A. The.row 60, may define sked r.egi.gns. havin i.dth 162
o0 exposdaEPRYTGH haVIR A 0 Bripsetbineibin BEVAER st G The BB Wit a ger
than the exposed width 164, for exanple, nore than about F, 3/4 F, or 1/2 F
| arger. |n62¢ny kenlseesr thanthe expreedwigthbed farspamale. Bore Ganabowiily R4, or

subphot ol i t hogr aphi c process, e.g., a sidewall-spacer process, a
resi st - r efl/2Wlpgec dsspma emdbbdinonts) Htepwuhasgsr o esay, bediormotdwrth laisnk- wi dt h
t hi nni ng process. The row mask 160 may define a pattern of lines with a

pitch 166-phbfbliﬂidg@£phm@désﬁﬁd’l%§a sittewalpapdcer probay, HesisticEohpbeads bywat her
structures. The lines forned by the row mask 160 may be substantially

strai ght, sybgiRpt ?Jot:é{ssp@r (ﬁhé@inelvﬁdﬂ%irﬁﬂfg ﬁ@éess.aﬂﬁle PRY ma 3t %Ujmay

horizontally in approximately the X-direction and vertically in

appr oxi matc{%%ﬁée yf)gttezrh %If iigecst \!v1 '3 pit&l 166. In other embodiments, the pattern may be
interrupted by other structures. The lines formed by the row mask 160 may be
substantially straight, substantially parallel to one another, and may extend horizontally
in approximately the X-direction and vertically in approximately the Z-direction. In
other embodiments, the masked regions of the row mask 160 may vary in width,

undulate side to side or up and down, or they may be segmented.

[00022] Next, shallow row trenches 168 may be formed, as illustrated by FIG. 15.
The shallow row trenches 168 are shallow relative to subsequently described deep row
trenches (FIG. 17). The shallow row trenches 168 may be formed with a dry etch that
etches the upper doped region 112, the lower doped region 114, the dielectric 146, and
the dielectric 156 at approximately the same rate. The shallow row trenches 168 may
have a depth 170 that is greater than the depth of the intra-device trenches 152 (FIG. 11)
and less than the depth of the column isolation trenches 142 (FIG. 11). For instance, the

depth 170 may be less than about 3000 A, e.g., equal to or less than about 1400 A.

[00023] After forming the shallow row trenches 168, another row mask 172 may

be formed, as illustrated by FIG. 16. The row mask 172 may be a soft mask or a hard



ot her enbodi nents, the masked regions of the row mask 160 may vary in

w dth, undul ate side to side or up and down, or they may be segnented.

[ 00022] Ne®t2p108038d980w row trenches 168 may be forned, agcCriuseewnatcas by
FIG 15. The shallow row trenches 168 are shallow relative to subsequently
described deep row trenches (FIG 17). The shallow row trenches 168 may be
formed with a dry etch that etches the upper doped region 112, the | ower
doped region 114, the dielectric 146, amd the dielectric 156 at
approximately the same rate. The shallow row trenches 168 nay have a depth

170 that ifaWrerh&s witl'i'ﬁﬂotbhﬁogﬁﬁﬁﬁop&h&ﬂlﬁhbg}h?}ﬁc fRMhigBest rERGIEMARA70FI G
11) and less than the depth o he colum isolation trenches 142 (FIG 11).

For I nstang e%fﬂl% aﬂ%%(gs é\w?tgggégfd a?ské {'i‘rihtﬁ‘?%‘t ﬁ@&gdﬂ% 17 o 780Yal o

or |ess tha out er orm ng t ow row trenches

168, another row mask 1 b FI.G . 16. The row
ook 179 1By Betherrtehredbebe e W e Rl B TS BTSS0S ity or

ot her lithographic techniques. The row mask 172 may deflne an exposed w dth
174 and a Meskkddd nycherdisesed mydakiy ‘?}tW@Stil?t@”é(r?@tll%OY@Y)}h%@aHBW@Wl mat el y
equal to the widths 164 and 162 (FIG 14), respectively. The row mask 172
may be di gposkd 16&r(EFIGI 115y, e(xtensliﬂgsinwrmﬂaylvbglra@mg the khallowerowt tienchbal 48w r ow
trenches 168 (FIG 15), extending into and overl appi ng the shall ow row
trenches X68G.(15) Grhd fgw mhbie 17Ditiafrestend fzbstamyialey paale] s Btrawthakl sopar al | el
to the row mask 160 (FIG 14) in the X-direction and may be of

substant i akfgy. i f?{erﬁ YﬂrE’étﬂm a'nH 4 rof%ﬁ@s%ﬂtﬁﬁghﬁyfoﬁ@ SidRWIBRK: 172 may

undul ate side-to-side, up and do vary in w be segnent ed. The row
mask 172 rmn¥bod?nrléplts eartotwerrngskt Pﬁtmgye SR tlas[e s1d£: Qo %1d8,| &pczpndlc?ovvn, vary in width,

or be segmented. The row mask 172 may form a pattern that repeats with a pitch 178, or

the pattern may be interrupted with other structures.

[00024] Next, deep row trenches 180 may be formed, as illustrated by FIG. 17.
The deep row trenches 180 may be formed with a dry etch that etches the upper doped
region 112, the lower doped region 114, the dielectric 146, and the dielectric 156 at
generally the same rate. The deep row trenches 180 may have a depth 182 that is greater
than the depth of the intra-device trenches 152 (FIG. 11), greater than the depth 170 of
the shallow row trenches 168 (FIG. 15), and less than the depth of the column isolation
trenches 142 (FIG. 11). For example, the depth 182 may be less than about 4000 A e g,

equal to or less than about 1800 A.

[00025] After forming the deep row trenches 180, the row mask 172 may be
removed, leaving the structure illustrated by FIG. 18. The row mask 172 may be
removed with combustion or other appropriate processes. The resulting substrate 110
may include one of the shallow row trenches 168 positioned between each pair of deep

row trenches 180 in a pattern of alternating shallow row trenches 168 and deep row



the pattern may be interrupted with other structures. [00024] Next, deep
row trenches 180 may be forned, as illustrated by FIG 17. The deep row
trenches WwBQormenso49e formed with a dry etch that etches wrhe/uspmensadeped
region 112, the | ower doped region 114, the dielectric 146, and the
dielectric 156 at generally the sane rate. The deep row trenches 180 may
have a depth 182 that is greater than the depth of the intra-device
trenches 152 (FIG 11), greater than thg depth 170 of the shallow row
trenches 168 (FIG 15), and |less than the depth of the colum isol ation

trenches Lfackds!1€0. The dedpProvedPRb L1808y HEBEdpelBén FRYhRBoW 86 tbhé@fRs about
4000 A, e.g., equal to or |less than about 1800 A [00025] After form ng the

d t A j

Ctrict ur e NEISeRephEibe i bRt eTRR of EaullRoRf BR300 5 SPYOTE TRE, |,
combusti on ot her appr i a rocesses. . Th esul.ting.substrate 110 na
Cnelude. ol rotk venlier 6F pitie ReTimactaishen B B et (o RdeH pai 1 of
deep row trenches 180 in a pattern of alternatigggshaJIOM/rOM/trenches 168

and deep rBatEkyRTaEY Y8ticaHhEordby sytsiiaterldAdnts Zdueqtiey apé cxiedder than the
shal l ow row trenches 168 by a depth 184 that is greater than or equal to
about 100 sabsta@hllphooro8@ly M. thdKedisdeaibh.ow row trenches 168 and the deep row
trenches 180 may define fin rows 186 that rise substantially vertically
fromthe substrate 110 in the Z-direction and extend substantially

hori zont al[0§026] t he Agakededédtnn 1] HAPBEforMedah ehedb@l tBmthdsCl 6888d M8y, he
formed in the row trenches 168 and 180, as illustrated by FIG 19. The gate

di el ectri qd&8 @y €. 49PIRE Lo diddEQAMN 1 8PMaPHBBEMSTE, grown, or otherwise
formed, and it may substantially or entirely cover the exposed portions of the upper
doped region 112 and the lower doped region 114. The gate dielectric 188 may include a
variety of dielectric materials, such as an oxide (e.g., silicon dioxide), oxynitride, or
high-dielectric constant materials like hafnium dioxide, zirconium dioxide, and titanium

dioxide. The gate dielectric 188 may have a thickness less than about 60 A e. g.a

thickness equal to or less than about 40 A.

[00027] Next, a gate material 190 and a protective material 192 may be formed, as
illustrated by FIG. 20. The gate material 190 may include a conductive material, such as
doped polysilicon or one or more metals, e.g., Ti, TiN, or Ru. The protective material
192 may include a high-aspect-ratio-process (HARP) oxide formed on the gate material
190. The gate material 190 may be less than about 400 A thick, e. g., less than or equal to
about 250 A thick, and the protective material 192 may be less than 200 A thick, e. g,
equal to or less than about 150 A. These materials 190 and 192 may be generally

conformally formed on the substrate 110.



formed, and it may substantially or entirely cover the exposed portions of
t he upper doped region 112 and the | ower doped region 114. The gate

di el ectriwo288/038493i ncl ude a variety of dielectric natePCRIES20064646S an
oxide (e.g., silicon dioxide), oxynitride, or high-dielectric constant
material s |ike hafnium di oxide, zirconiumdioxide, and titani um di oxi de.
The gate dielectric 188 may have a thickness |ess than about 60 A e.g., a
t hi ckness equal to or |ess than about 4@ A [00027] Next, a gate material
190 and a protective material 192 may be forned, as illustrated by FIG 20.

The gate map@rg)al 19hePrytebine! ﬂdﬁi@nﬁ 1@9@1%%6 éh@so'ﬁ%bf%ﬁ]l%utch&ﬂﬁbﬂﬁ%tréi@cﬂ)?d
ponS|I|con or one or nore netals, e.g., Ti N, he protective

mat eri al 162Y t%f%l%&j%@wgﬁ ?Alc@x%p?% o%éé% B{a?éigaﬁ?ess %%e%& Gn}%r med on

t he gate erla e gate mat eri a an a 400 A

t hi ck, than o bou 250 A th , dt rotective
mtor ot 2b et Fe iRl oS AR R @stw%m@teﬂaLE%a RS YT Fhan
about 150 A. These materials 190 and 192 nay be generally conformally

f or med on ROH&NsefiBe pate aaterpl | BdHAbRysetpa hﬁﬂé@ré%tsuﬁéceﬁa@@rb%ﬁxpmw &Y be
anisotropically etched, as illustrated by FIG 21, to form sidewal |
spacers. ‘lihﬂarmeoﬂheg’aiematmmﬁ[)alispm% nearybdske tlmwpeﬂthm'ftrfrowsdsﬁ apd @fe that is
generally selective to the protective material 192. After etching, the

portion ofboitbe gFahesHmbarbal trehBResdics pas etk dvep hew ineadtieall 86 uiayaeespsiy. be
exposed. For instance, the gate material 190 di sposed near both the top of

the fin rq}‘i’%tﬁ’e?@m%&'irﬂe‘ﬂ?s Qg%ﬁtf%ﬁ‘o?fsuﬁs%téﬁ%lh 8?‘4%%6&&%%&1&1@@2%@& the

deep row trenches 18 e exposed odinents, a portion or
substant | atile Xot?om 0 Ihetdggp oW %rencth e%l%lir{saoln t}1ie subiEde 110.
[00029] Next, the gate material 190 may be etched, as illustrated by FIG. 22. The

exposed portions of the gate material 190 may be dry etched or wet etched, e.g., with an
SC1 etch for less than about 10 minutes, e.g., equal to or less than about 5 minutes. The
gate material 190 may be etched until the gate material 190 disposed on either side of the
fin rows 186 is separated, leaving conductive sidewall spacers on the sides of the fin
rows 186. The portion of the gate material 190 disposed near the bottom of the shallow
row trenches 168 and the deep row trenches 180 may be removed, or it may be left on

the substrate 110.

[00030] Etching the gate material 190 to form separate spacers may form a
precursor to a passive gate 194 on one side of each fin row 186 and an active gate 196 on
the other side of each fin row 186. The term “active” refers to structures relating to
components that are selectively energized to turn on the transistor, and the term
“passive” refers to structures relating to components that are energized at generally the
same voltage both when the transistor is on and when the transistor is off. The precursor

to passive gates 194 may be formed in the deep row trenches 180, and the active gates



the bottom of the deep row trenches 180 renmains on the substrate 110.

[ 00029] Next, the gate material 190 nay be etched, as illustrated by FIG
22. The ewpaswd3ppysti ons of the gate material 190 rmay becurosz@wobsds or wet
etched, e.g., with an SC etch for |less than about 10 m nutes, e.g., equal
to or less than about 5 mnutes. The gate material 190 may be etched until
the gate material 190 di sposed on either side of the fin rows 186 is
separated, |eaving conductive sidewal|l Bpacers on the sides of the fin rows
186. The portion of the gate material 190 di sposed near the bottom of the

shal | ow r oWeth SNE@smdPf BB chdIRG DeeBerdch¥ fdgencdi&end B rdly 18 earddan@yed, or
it may be left 'on the substrate 110. [00030] Etching the gate material 190

to form Sea?ﬁdc?a}t%d gaggsvc@’gémgﬁ 4fn?afy'ﬂeasuﬂ&%&%?lé9%%%9%8%{%%@%% ;( c Gfedp ONn one

si de of eac an-“active ¢ er side of each
fin row 186. The termactive" refers to structures | ating to conponents
that are SEFREDT VNG HRori e BEPETOS S PR 21 4o diderfoE T o m
"passive" refers to structures relating to conponents that are energi zed at
gener al | y adipserigifes 96 thedieronst 80 wRe theraceive paips | ¥t ¥ dispossd oarfle {isidles he
transistor is off. The precursor to passive gates 194 nmay be forned in the
deep row tafelmcigscehBilin reavwdl 86her west varen.gat es196 may be forned in the shall ow
row trenches 168. Adjacent fin rows 186 and their associated gates 196 and
194 may be substantially reflectively symretric about each deep row trench
180, such [00631]t he NeeWw ®orRadkol 93asasy Vefgatesn Iubsteatelil Spas dibsantead] acent

sides of the fin rows 186 and the active gates 196 are di sposed on the far
sides of tfyeriadpacent rdv MakioVss M6 be Alsolt ingRk ¥EH B&d mask patterned with
photolithography or other lithographic techniques. The row mask 198 may be
substantially aligned with and disposed in the shallow row trenches 168 (FIG. 22) and
may overlap a portion of the top of the fin rows 186. The row mask 198 may also
include a recessed portion 200 formed from undeveloped photoresist. For example, the
row mask 198 may be formed with a positive photoresist, i.e., a resist that hardens when
exposed to light, and the recessed portion 200 in the deep row trench 180 may not
receive enough light to develop that portion of the row mask 198 because the light does

not penetrate to the bottom of the deep row trenches 180. As a result, a portion of the

photoresist may remain in the bottom of the deep row trenches 180.

[00032] Next, the precursors to passive gates 194 may be recessed to form passive
gates 197, as illustrated by FIG. 24. The passive gates 197 may be recessed with an etch
that is generally selective to the passive gates 197. For instance, the passive gates 197
may be recessed with a wet etch, such as the SC1 etch described above. The passive
gates 197 may be recessed a distance 202 below the upper doped region 112. The
distance 202 may be greater than or equal to about 50 A, 100 A, 300 A, or 500 A. The

passive gates 197, after being recessed, may overlap a portion of the intra-device



[ 00031] Next, a row mask 198 may be formed on the substrate 110, as
illustrated by FIG 23. The row mask 198 may be a soft nmask or a hard nask
pat t er nedweizbtv/gshesol i t hography or ot her 1ithographic technisquessscihe row
mask 198 may be substantially aligned with and di sposed in the shallow row
trenches 168 (FIG 22) and nmay overlap a portion of the top of the fin rows
186. The row mask 198 may al so include a recessed portion 200 fornmed from
undevel oped photoresist. For exanple, tie row mask 198 may be forned with a
positive photoresist, i.e., a resist that hardens when exposed to |ight,

and the rag@smed 5POMM i Recd®bnd ﬂliet&)_ﬁﬁi\@e%&srl@w, the 85% halBoSRAy e treh 8GRI Ve
enough light to develop that portion of the row mask 198 becCause the |ight

does not %gé?’e‘%’ﬁﬁlgg s stitoﬁ%rgﬁ}e%gépr? nﬁ%?ﬁ”?’%ﬁ?%row trenches 180. As a result,

a portion e photoresis e bottom of the deep row
trenches 180. [00032] Next, the precursors to passive gates 194 may be

recessed t rm passjVv tes 197 s.llustrated by FI.G 24.. The passive
Gates: 107 9 Re! Peddtsds i Retn arBiuinel S L ABR SN il 08 T5 T he
passive gates 197. For instance, the passive gates 197 may be recessed with
a wet et critbo¥greescebed pracesey The dRnvieic+(4geey %g\%.an?%n@a@@ifw@%awgw? may
be recessed a distance 202 bel ow t he upper doped region 112. The di stance
202 may be gpodert sde 20faandoy loagpraldet’d Oalopluradity #f asy@mesic §30206 may b&p@tA. The
passi ve gates 197, after being recessed, may overlap a portion of the

i nt r a- devidtenctesrahe prelmslyAfeb@tbet €mas st N1g6 (FIES. 085 STheeasgamiesrid 8d 206 hayr ow
mask 198 nay be renbved, e.g., with conbustion or other appropriate

processes.ind10Q033dir bt Sos 2B Aild MSit B8R A BN SIIRAM TRl rQboifd ANEE fiAL 204
formed with the

device trench 152 (FIG. 11). A distal portion of the legs 212 and 214 may be formed

from the upper doped region 112, and a lower portion of the legs 212 and 214 may be

formed from the lower doped region 214. The active gate 196 may be disposed near a

shorter side 208 of the asymmetric fin 206, overlapping both the upper doped region 212

and the lower doped region 214, including a portion of the lower doped region 214

extending below the notch 216 between the legs 212 and 214. The passive gate 197 may

be disposed near the longer side 210 of the asymmetric fin 206. The passive gate 197

may overlap the notch 216, but not the upper doped region 112.

[00034] In operation, the transistor 204 may control a current flowing between the
legs 212 and 214. The current may be controlled in accordance with a voltage Vga of
the active gate 196. The range of voltages Va applied to the active gate 196 may fall
into two categories: those above a threshold voltage of the transistor 204 and those below
the threshold voltage. When Vg4 is above the threshold voltage, electric fields
emanating from the active gate 196 may establish a conductive channel in the lower
doped region 212, extending between the legs 212 and 214. In other embodiments, the

transistor 204 may turn on in response to a Vga that is less than the threshold voltage.



above-descri bed process. The transistor 204 may include an asymetric fin
206 having a shorter side 208 and a | onger side 210. A plurality of
asynmet r iwof20r#03208 nmay be part of each of the previ ouslPgTassewiobsds fi n
rows 186 (FIG 18). The asymetric fin 206 may include a pair of |egs 212
and 214 separated by a notch 216, corresponding to the intradevice trench
152 (FIG 11). A distal portion of the legs 212 and 214 may be fornmed from
t he upper doped region 112, and a | owerssportion of the legs 212 and 214 nay
be formed fromthe | ower doped region 214. The active gate 196 may be

di sposed nBRIMred]@kOEInANctRledBarfdB eRbndsRnaaUIWBtichiGy ddwn Rbleec QYL appi Ng
both the upper doped region 212 and the | ower doped region %14, i ncluding a

portion O‘iffégg%ﬂgﬁégn %dé@t%%tcﬂ%&%i?ﬂ% %@%&%ﬁie’&ﬁ&ﬂ% < @%6 Between

the | egs e passive gate i spose e | onger

side 210 of, t he tric. fin 206. The passjve gate 19 overl ap,the
ot oh- 216 CUTSHoE Tl du b Gapoi PEGPBRE 1o S dBURIcd IF BRARIE SRR ho
transi stor. 204 may control a current flow ng between the |l egs 212 and 214.
The cur r erdl4iady Hevecoritiest theepghrihe ehanngla pebihpicurert Ny fayan wdmer giretia.
active gate 196. The range of voltages VGA applied to the active gate 196
may fall idependingordeagotivesaludsidsd abdde Bhet dhamsiolay bealisppgad af thehe
transi stor 204 and those bel ow the threshold voltage. Wien VGA is above the
t hreshol d syehéage, 208l Betiot theflbdel Side B0V RO if f3MonbE née the/gasgat @ad 96 may
establish a conductive channel 1n the | ower doped region 212, extending
between t hgyl egs 212 and 214. In other enbodinents, the transistor 204 nmay
turn on in response to a VGA that is |less than the threshold voltage.5

[00035] The passive gate 197 may adjust the threshold voltage of the transistor
204. For instance, in transistors that turn on when the active gate 196 is elevated above
the threshold voltage, the passive gate 197 may be at a voltage below the threshold
voltage, e.g., a voltage less than the voltage of the lower doped region 214. The electric
field emanating from the passive gate 197 may reduce the threshold voltage for the active
gate 196, which is believed to reduce GIDL. For example, when the transistor 204 is
turned off, the passive gate may be between about -3V and about 0V, and the active gate
may be between about 0V and about 100 mV. The voltage difference between Vg and

Vp may be about 2.5 V or less.

[00036] The voltage of the passive gate 197 may be held static when the transistor
is turned on, e.g., when reading or writing to a memory device coupled to the legs 212 or
214. The voltage of substantially all of the passive gates 197 (FIG. 24) may be
connected to a common voltage source that remains generally constant during operation

of the transistors 204.



The resulting conductive channel extends generally vertically down one | eg
212 or 214, generally horizontally under the notch 216, and then generally
verti cal lwyokamk3my3t he other | eg 212 or 214. A differen®eTius2eatams460é t ages
Vs and VD applied to the legs 212 and 214 may drive a current through the
channel, and the current may flow in either direction, depending on the

rel ative values of Vs and VD- The channel nay be di sposed on the shorter
side 208, but not the |onger side 210, mhich is positioned near the passive
gate 197. [00035] The passive gate 197 may adjust the threshold voltage of

the transigp@¥7)204. [FQkhek BRbAMERAts theltFa@fiSios DO fal Adh dhuh ResphnddhShet he
active gate 196 is el evated above the threshold voltage, the passive gate

107y Doyt aBgikLaRe RELNI AALeookA, Nall 8 vy Anfol age Tess

than the voftag ower doped Fégi on ri'c

ting fromt i te 197 duce the th | d vol.tage f
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the transistor 204 is turned off, the passive gate may be between about -3V
and about resiecingdllthe active gate nay be between about OV and about 100 nv.
The voltage difference between Vs and VD may be about 2.5 V or |ess.
[ 00036] The voltage of the passive gate 197 may be held static when the
transi st or[00@38&] ur nedF16x, 2@ 34 illusihermnptadéembodmenyr dfta prgeese fa fomming yn devi ce
coupled to the legs 212 or 214. The voltage of substantially all of the
passi ve gaimay ol 9dndiftbls, Ad4)lustayedds, ElGNN6cthe grdcossangpinonide WolalAge exour ce
that remains generally constant during operation

manufacturing or contracting with a foundry to manufacture, a substrate 218 formed with

the steps described above with reference to FIGS. 1-13.

[00039] After obtaining the substrate 218, the process may include forming a row
mask 220 on the substrate 218, as illustrated by FIG. 26. The row mask 220 may be a
hard mask or a soft mask formed with photolithography or other lithographic techniques.
For instance, row mask 220 may be a mask formed with sub-photolithographic
techniques, such as a sidewall-spacer process, resist-reflow process, or a wet-etch-
undercut process. The row mask 220 may include masked regions having a width 222
and exposed regions having a width 224. The masked width 222 may be about equal to
orless than F, 1/2 F, or 3/4 F. The masked regions and exposed regions may repeat with
a period 226, or the pattern may be interrupted with other structures. The row mask 220
may extend substantially in the X-direction, substantially orthogonal to the dielectric 146.
The row mask 220 may be substantially straight, have substantially uniform widths 222
and 224, and be generally parallel. In other embodiments, the row mask 220 may
undulate side-to-side, may undulate up-and-down, may vary in widths 222 and 224, or

may be segmented.



of the transistors 204.[00037] In other enbodi ments, the transistor 204 may
turn on in response to the VGA dropping below the threshold voltage. In

t hese enmbwoizoeni3s493t he VGP may be positive, thereby el eratriusgomwhesssudrir eshol d
vol t age when the transistor 204 is turned off and reducing G DL. [00038]
FIGS. 26-33 illustrate another enbodi nent of a process for formng an array
of transistors. As illustrated by FIG 26, the process nmay include
obtaining, e.g., manufacturing or contracting with a foundry to

manuf acture, a substrate 218 fornmed with the steps described above with

reference [pgo4o) 5. INek3; as[iRRQARY AT RIEY 2900 RinBBes! 128 P foih€d. 2tk t he

process may include formng a row nmask 220 on the substrate 218, as

i11lustr at qﬁwgﬁenglllei%%%%p;pefohﬁ% {O;?E ieér‘%l%%cﬁw aQﬁ% gtcﬂ @ﬁaq ﬁ{zﬁ&kthg ex Os?@ ft mask

formed wt otolithog y or ograpni c techni ques.

i nstance, row.mask 220 be.a mask formed with sub-pho i t hqgr aphi c

t oot quedhtgtitn aeb Sl SefEt er o e eblne Tod e Py i BB e
wet - et chunder cut process. The row mask 220 may include nasked regi ons

havi ng a \ihdt the 2otm-devdcedigneBesdl Xegidors ah 4GPy the Gelump isopationtreachissiddd wi dt h
222 may be about equal to or less than F, 1/2 F, or 3/4 F. The masked

regi ons ankheexgosey farediirorsvsady) thepatnd wibdtandiafe i thd X2@6¢ction anteispat t er n
may be interrupted with other structures. The row nmask 220 nay extend

subst ant i atdry thesubkteate@ 8 sidGtahadlly iaURsadifdcabhy orthogonal to the

dielectric 146. The row mask 220 nmay be substantially straight, have
substantially uniformw dths 222 and 224, and be generally parallel. In
ot her enbqgpg@Nts. tAROMhiNBMe BA0rdMRYes 228, a gate dielectric 232 may be formed,

as illustrated by FIG. 28. The gate dielectric 232 may be formed with a variety of

processes and materials, such as those described above with reference to FIG. 19.

[00042] Next, a gate material 234 and a protective material 236 may be formed on
the substrate 218, as illustrated by FIG. 29, and passive gates 238 and active gates 240
may be formed, as illustrated by FIG. 30. These materials 234 and 236 and structures
238 and 240 may be formed with materials and processes similar to those described

above with reference to FIGS. 20-22.

[00043] After forming the active gate 238 and the passive gate 240, an active-gate
mask 242 may be formed on the substrate 218, as illustrated by FIG. 31. The active-gate
mask 242 may be a soft mask or a hard mask formed with photolithography or other
lithographic techniques. The active-gate mask 242 may cover a portion or substantially
all of the active gates 238, while leaving a portion or substantially all of the passive gates

240 exposed.

[00044] Next, the passive gates 240 may be recessed, as illustrated by FIG. 32.

The passive gates 240 may be recessed with a dry etch or a wet etch. The top of the



undul ate side-to-side, may undul ate up-and-down, may vary in w dths 222 and
224, or may be segnented.[00040] Next, as illustrated by FIG 27, row
trenches w02orep0493 f ormed. The row trenches 228 may be PCoruseaomsiche a wet
etch or a dry etch that etches the exposed materials at substantially
simlar rates. The depth of the row trenches 228 nay be deeper than the

i ntra-device trenches 152, and not as deep as the colum isolation trenches
142. The etch may formfin rows 230 thats extend substantially in the
X-direction and rise fromthe substrate 218 substantially in the

Y-directi it OSA&II40Ah L EPe FRETENBLIbRENE AVl UEREINBSI0RES2, G tBApRsidbel ectric
232 may bgﬂ?%rngg, as iIfd%trated by FIGﬁﬁgé. Q%% %ﬁte dielec%rfg 232 may

be fornmed ' i al ose

descri bed %\%66\%’ hﬂerer% eesg‘%inﬂc%i&’ggﬁéﬁéoﬁg.a%%%dﬁ%ﬁlﬁe@? %Q%S%glé e material
234 and aéﬁrotective terial 236 ga be formed on the ZﬂgitraH§ 218, as
i 11 ust rat ddO¥YS BG-G9 NA G s BV SUHUT E°CH38C RAYTVACRI £loY B gPREy be
formed, as illustrated by FIG 30. These materials 234 and 236 and

st ruct ur esdopsdreginh bl2g nay be formed with materials and processes similar
to those described above with reference to FIGS. 20-22. [00043] After
formng the active gate 238 and the passive gate 240, an active-gate mask
242 may bd00dASted orfFindlly, debrstivaate 218k 243 niay|bggemayasd apifluFira@:d By FIGhe
active-gate mask 242 nmay be a soft mask or a hard mask fornmed with

phot ol i t h@®: apeyactve-gith @task L4 hagy dp hérdoteddindogib@stionlfieothatiprysgat € mask 242

may cover a portion or substantially all of the active gates 238, while
| eaving a portion or substantially all of the passive gates
[00046] After removing the active-gate mask 242, the substrate 218 may include a
plurality of transistors 244 that are similar to the transistor 204 described above with
respect to FIGS. 24 and 25. The transistors 244 (FIG. 33) and the transistors 204 (FIG.
24) may have differences. For instance, in this embodiment, each of the fin rows 230
may be oriented in generally the same direction, with active gates 238 facing the passive

gates 240 on adjacent fin rows 230, while the previous embodiment may include fin rows

186 (FIG. 23) oriented in different, alternating directions.

[00047] In operation, as with the previously described transistor 204 (FIG. 25), the
passive gate 240 may adjust the threshold voltage of the transistors 244, and the active
gate 238 may control current through the transistors 244. The threshold voltage may be

adjusted to reduce GIDL.

[00048] FIGS. 34-45 illustrate another example of a process for forming an array
of transistors. As illustrated by FIG. 34, the process may include obtaining a substrate

246 like the one produced above with the steps illustrated by FIGS. 1-13.



240 exposed. [00044] Next, the passive gates 240 may be recessed, as
illustrated by FIG 32. The passive gates 240 nmay be recessed with a dry
etch or awveebied3eds3 The top of thepassive gates 240 mayPoh@/use@odssds bel ow
t he upper doped region 112, or the passive gates 240 may be recessed bel ow
the top of the active gates 238 and subsequent processing, e.g., cleaning
steps, may further recess the passive gates 240 bel ow t he upper doped
region 112. [00045] Finally, the activerngate mask 242 may be renoved, as
illustrated by FIG 33. The active-gate mask 242 nmay be renoved by

combust i onoeE49t her PHQREI0Re tHel@B4bke A4, el 51880V NG iﬁ@@d@ﬁ%ﬁ‘%‘a@ ate mask
242, the substrate 218 may include a plurality of transistors 244 that are

simlar t e 1 hgk 0 ) ALY I 24 and
35 The t P aHOAIIRES 238 U Rl TS, IR b S EPER e el e T
have differences, For.instance, in this enbodi 2 each of e fin rows
530 may. b GIIERIBENH SGeHORSIieRnis® bEHECRR PP B S PRIV Gt co. 38
facing the passive gates 240 on adjacent fin rows 230, while the previous
enbodi nentthereagrifigiaj g@é/ 48mayphgan @gde flngwithyy thigkpessiob @beud 1aP ferla pther
alternating directions. [00047] In operation, as with the previously
descri bed amtaxdshattyotRO MatdrlaB, s&H)as attheidp ddsi viethgphhessSA¢f matyridsjast t he

threshol d voltage of the transistors 244, and the active gate 238 may

control cuufi@ith s liicodaghfitifEbddyaasiis hedosdaddd withharibty @shlislemobf age may be
adjusted to reduce G DL. [00048] FIGS. 34-45 illustrate another exanple of

a process filenf QRIS @5 iB108Ya sacrificial body 248.
[00050] Next, a row mask 250 may be formed, as illustrated by FIG. 35. The row
mask 250 may be a hard mask or a soft mask formed with photolithography or other
lithographic techniques. For instance, row mask 250 may be a mask formed with sub-
photolithographic techniques, such as one or more of those described above. The row
mask 250 may include masked regions having a width 252 and exposed regions having a
width 254. The masked width 252 may be about equal to or less than F, 1/2 F, or 3/4 F.
The masked regions and exposed regions may repeat with a period 256, or the pattern
may be interrupted with other structures. The row mask 250 may extend substantially in
the X-direction, substantially orthogonal to the dielectric 146 (FIG. 8). The row mask
250 may be substantially straight, have substantially uniform widths 252 and 254, and be
generally parallel. In other embodiments, the row mask 250 may undulate side-to-side,

may undulate up-and-down, may vary in widths 252 and 254, or may be segmented.

[00051] Next, passive-gate trenches 258 may be formed, as depicted by FIG. 36.
The passive-gate trenches 258 may be etched from the substrate 246 with, for example,
an anisotropic dry etch. In a cross-section normal to the X-direction, the passive-gate

trenches 258 may be generally rectangular or trapezoidal. Alternatively, the passive-wall



of transistors. As illustrated by FIG 34, the process may include
obtaining a substrate 246 |i ke the one produced above wth the steps

i |l ustratwo 2b10/B048%. 1-13.[ 00049] After obtaining the seb3tusawwe/0248¢ t he
process may include formng a sacrificial body 248, as depicted by FIG 34.
The sacrificial body 248 may include one or nore filnms with a conbi ned

t hi ckness between about 550 A and about 2450 A, e.g., the sacrificial body
248 may be an oxide filmw th a thickne®s of about 1500 A. In other

enbodi nents, other materials, such as a nitride film or thicknesses of

material s (E¥hdsURGE hRB adSodsRectRAGK i kth@bthBOdMp24B, dik cAffalHancRe W th
various enbodi nent’'s of the present technique tﬁat i nclude a sacrificial

body 248. aQsQQég/At%a lt}lgﬁéhfg 85 %gl)v%(y %%%eﬁegg&lﬁq e (?rafcf%(/{zg Q%epa?n}a%iir#ﬂssthﬁﬁ%&& by

FI G 35. ero be a rrpe{ls or a so ormed with
phot ol i t hography or other 1ithogr i c techniques. For.instance, row mask
D50 oy bt e el lation FHeCtm B ast | Hograshea ISR HR0E & as one
or nore of those descri bed above. The row mask 250 ma%/ i ncl ude masked

regi ons hdianaees2Rifan pessve aypdls @oposligh puyicaehsfomana gt wakhogsife o651, The
masked wi dth 252 may be about equal to or less than F, 1/2 F, or 3/4 F. The
masked regubstsuemly-oxpedd. regi ons may repeat with a period 256, or the
pattern may be interrupted with other structures. The row nask 250 nay
extend substantially in the X-direction, substantially orthogonal to the
di el ectri d00682] ( FI G ABgr.forbhiag ey avsisk o216 Qrenehes 68 sups tiaedeh@ldiglestic a6ht
have substantially uniformw dths 252 and 254, and be generally parallel.

I'n other epBogl ABRALS asiMBuhRWbYaIE. 2P0THE, asgwéighétcﬁe1éétﬁézspnﬁag% forfesd
undul at e up-"and-down, may vary’in w dths 252 and 254, or nmay be segnented.

with a variety of processes and dielectric materials, such as those described above with

reference to FIG. 19.

[00053] Next, passive gates 264 may be constructed, as depicted by FIG. 38. The
passive gates 264 may be disposed at least partially or substantially entirely in the
passive-gate trenches 258. The passive gates 264 may include a conductive material,
such as a p-plus doped polysilicon, conductive metals, or other appropriate work
function material, for example. The conductive material may be deposited and, then,
etched back, thereby recessing the conductive material below the surface of the substrate
246 and the sacrificial body 248. The passive gates 264 may be recessed below the
upper doped region 112, such that the passive gates 264 overlap the lower doped region
114, but not the upper doped region 112. For example, the passive gates 264 may be
recessed a distance 266 below the upper doped region 112 that is greater than or equal to

about 100 A, 200 A, or 500 A.

[00054] Next, protective plugs 268 may be formed above the passive gates 264, as

depicted by FIG. 39. The protective plugs 268 may include silicon nitride or other



[ 00051] Next, passive-gate trenches 258 may be formed, as depicted by FIG
36. The passive-gate trenches 258 nay be etched fromthe substrate 246

wi th, forwexamgldes93an ani sotropic dry etch. In a cross- ®ETtUSet90668®] t O
the X-direction, the passive-gate trenches 258 may be generally rectangul ar
or trapezoidal. Alternatively, the passive-walltrenches may have a
cross-section with sone other shape. In one enbodi nent, the passive-gate
trenches 258 may be deeper than the inta/a-device trench 152 and shal | ower
than the columm isolation trenches 142 (FIG 11). The sidewalls of the

passi ve- galpgrdptiaRGhfs A8 ThOpMRASS pNEs 168 Ity B6Qe Mb&ﬂnd@&’h&@&"f)o{ﬁ{e@ a
first wall or side of a subsequently- orned in. T00052] After formng the

passi ve- 9853‘81555@’1%&?%9 %g%{al?)bg@ﬁﬁ' with %?Ee%a g'ba[%w 'th%zséggcé@%g?gafchﬁcﬁ?d as

illustrate sive-dgate ric ormed with

a variety ses and d el ric materi uch as. those descri bed
Sbove wi 1 HorEPEbe ﬁﬁ%mf%%ﬁlve;? B354 b e s s ioutgat E&nﬁ&sefrgy be
constructed, as depicted by FIG 38. The paSS|ve gates 264 nmay be di sposed
at | east [ﬁélrgfl"?chflll%/mb‘?lﬂ@ﬁ b@@ ahthearotoctsistnlygs| 308 n t he passive-gate trenches
258. The passive gates 264 may include a conductive material, such as a

p- pl us doped polysilicon, conductive netals, or other appropriate work
functi on rf0@S]al , fAlterdrumipk ¢he prhecdonplugt 268 theesaernificihl edy 248 ndegesi t ed
and, then, etched back, thereby recessing the conductive material below the
surface ofreinbeeds ubfluaited B4E1@MUD. tTie adfi¢ibl idgl24Bathy b248movdewhRasvere
gates 264 nmay be recessed bel ow the upper doped region 112, such that the
passi ve gal@Sy &1 1Y & eRRiIN® thOWRKifiAPBEHY BE. O this stage, the protective plugs

268 may protrude above the surface of the substrate 246.

[00056] Subsequently, fin-mask spacers 270 may be created, as depicted by FIG.
41. The fin-mask spacers 270 may include oxide or other appropriate materials of a
thickness selected to generally determine a width of subsequently-formed fins. To shape
the fin-mask spacers 270, their components material or materials may be conformally
deposited over the protective plugs 268 and spacer etched back with, for example, an
anisotropic etch. After the spacer etch, the width of the fin-mask spacers 270 may

generally determine the fin width.

[00057] Next, using the fin-mask spacers 270 as a self-aligned hard mask, active-
gate trenches 272 may be anisotropically etched or otherwise formed, as depicted by FIG.
42. The active-gate trenches 272 may be formed non-concurrently with the passive-gate
trenches 258 (FIG. 36), e.g., after the passive-gate trenches 258 and, in some

embodiments, after the passive gate 250.

[00058] Active-gate trenches 272 may extend in the X-direction, substantially

parallel to, and interposed between, the passive-gate trenches 258 (now at least partially



114, but not the upper doped region 112. For exanple, the passive gates 264
may be recessed a di stance 266 bel ow the upper doped region 112 that is
great er twearromvo3eqaal to about 100 A, 200 A, or 500 A [PO0QAS4)09Mes6te
protective plugs 268 may be forned above the passive gates 264, as depicted
by FIG 39. The protective plugs 268 may include silicon nitride or

ot herappropriate materials. The protective plugs 268 nmay be deposited and
etched or polished back until they are apenerally planar with, or recessed
bel ow, the surface of the sacrificial body 248. The protective plugs 268

may act asjjfdreiieheResdutive flattiRl {octrrezft@gzmsﬁg caekbad) gnredidewasis enmei t her
side of the protective plugs 268. [00055] After formng the protective

0105, 25% el SRSENLEHA phor 2T R 28, iLYebealad by ¢

e renove a wet or dry etch that is
selective to th acrificial body 248. At this.st he_protective plugs
268y priEie aggveb fiepeRhde por e (Rt wab Fo b o e
Subsequent |y, fin-nmask sgacers 270 may be created, as degicted by FIG 41.
The fi n- mPsksisparie frenchre 2agyor ilese derpethaik fhedagtiviogHe frepghiss ép¥i ate material s
of a thickness selected to generally determne a w dth of
subsequently-formed fins. To shape the fin-mask spacers 270, their
conponent 400Q&%r i al e firamesk slasemiy0 baydankietethé Fyrmaspoof fied2 Bheith ahe
protective plugs 268 and spacer etched back with, for exanple, an
ani sot r opifin width27Ah dier tihe thpaselutiet it dthke sduiiprhernfusédi dattarnmakds spacer s
270 may generally determne the fin width. [00057] Next, using the fin-mask
spacers 27%Piags 3n IR fub&rdi@ned PEYifstiRSKhe @Gl wMaHREEmay be smaller than the

resolution limit of a 193 nanometer lithography process or a 157 nanometer lithography
process, either of which may include immersion lithography steps or double patterning.
The fin width 276 may be less than 900 A, 800 A, 700 A, 600 A, 500 A, 400 A, 350 A,

300 A, 250 A, 200 A, 150 A, or 100 A, for instance.

[00060] During manufacturing, the passive gates 264 may mechanically support
the fins 274. For example, in some embodiments, strain within the fins 274 during
movement and/or immersion in liquids may be limited due to the passive gates 264
constraining movement of the fins 274. As a result, very thin, high aspect ratio fins 274
may be manufactured in some embodiments. For instance, the aspect ratio of the fins
274 (i.e., the ratio of fin height 280 to fin width 276) may be greater than 20 to 1, 15 to 1,
10to1,9t01,8to1,7to1,6to1,5to 1,4 to 1, or 3 to 1. It should be noted, however,
that the present technique is not limited to embodiments with passive gates,
embodiments where the fins 274 are supported, or embodiments with thin, high aspect

ratio fins.



trenches 272 may be anisotropically etched or otherw se forned, as depicted
by FIG 42. The active-gate trenches 272 may be formed non-concurrently
with the wasesiwmsegate trenches 258 (FIG 36), e.g., aft@cTiuseopassisve- gate
trenches 258 and, in sone enbodi nents, after the passive gate 250. [00058]
Active-gate trenches 272 may extend in the X-direction, substantially
parallel to, and interposed between, the passive-gate trenches 258 (now at

| east partiallyfilled with the conductizse material to create passive gates
264). The sidewalls of the active-gate trenches 272 may form active walls

278 of thqohoe1y 274 FuHher, d6tduvet@aiemhs b8§ 227 AalB¥ henAQRNRE sitbasy t he
passive-gate trenches 258 (FIG 36), as deep as the passive-gate trenches

258, or | F@ i t 8.1: 5914, T -&'n-nask
spacers 2§B§H§§§ gépﬁgfg étﬁﬁgﬁ égﬁg ﬁ§%:§@9§gﬁ§n% iﬂ%%ggggﬂﬁ?%ﬂﬁflkh 276
smal ler than t esolution.limt of the equi t used tq.paltern other
Feat ures. ditnRts ibanrasme gl e SHER PP a i fpumhiBoiehty be
smaller than the resolution limt of a 193 nanoneter |ithography process or
a 157 nandie@ing. Pf giarst abeRmett érebaiguessinay, be egploypd Bhacsasdansecviiile i nmer si on
|'i thography steps or double patterning. The fin wdth 276 may be | ess than
900 A, 80Gm{oditBntApf BOPredentF@Mingue400 A, 350 A, 300 A, 250 A, 200 A, 150
A, or 100 A for instance. [00060] During manufacturing, the passive gates
264 may nechanically support the fins 274. For exanple, in some
enbodi ment[8006Ar ai N Wietfhis2 74 meayfiavs a2éderally tmigoriDatesesRttiandheh asidanrer si on i n
liquids may be limted due to the passive gates 264 constraining novenent
of the fingnditly ridanBulaP8iéki-sec¥iBhYa SdhbRlyMadb, ASHefdss-t&libR, dri Mer&fdhs-

sectional shape, extending along at least a substantial portion their length in the y-

direction, e.g., through one, two, five, or more transistor lengths. Of course, in some

embodiments, the fin cross-section may vary along the length of the fin in the y-direction.

For instance, the fin width 276 may vary or the fin height 280 may vary. The fin width

276 may be generally uniform in the Z-direction, or the fin width 276 may narrow or

expand along the fin height 280. In some embodiments, the active wall 262 and passive

wall 260 (FIG. 38) may generally slope or curve toward or away from each other (i.e.,

the fin width 276 may taper) along the fin height 280, in the Z-direction.

[00063] Next, an active-gate dielectric 282 may be formed in the active trenches
260, as depicted by FIG. 43. The active-gate dielectric 282 may be formed with a variety
of processes and dielectric materials, such as those described above with reference to

FIG. 19.

[000064] After forming the active-gate dielectric 282, active gates 284 may be
formed, as illustrated by FIG. 44. The active gates 284 may be formed by blanket

depositing a conductive material, such as titanium nitride, doped polysilicon, or other



may be manufactured in sonme enbodi nents. For instance, the aspect ratio of
the fins 274 (i.e., the ratio of fin height 280 to fin wdth 276) may be
greater twero@®3ve3l, 15 to 1, 10 to 1, 9 to 1, 8 to 1, PCTIUS2009/06468® 1, 5
to1l, 4to 1, or 3to 1. It should be noted, however, that the present
technique is not limted to enbodi nents wth passive gates, enbodi nents
where the fins 274 are supported, or enbodi nents with thin, high aspect
ratio fins.[00061] Further, because the4in-mask spacers 270 may be forned
on the sides of the protective plugs 268, the fin-msk spacers 270 nay be

sel f-al i gnedawitive A& idDamaisyLcdaicBm g 2RAmateRaObT6im BIERRAVTBAES280HRr sel f

al i gned, sub-photolithographic, direct patterning, or direct alignnent

t echni que i r €. W i resent
t echni que. e fins may have a gener nitormcross-section,
hni g Sach%éeggﬁ ﬁﬁ[ﬁt@%{ﬁﬁoéeg 1/1%&% : £ie Wag's"' 27 Qﬁl ﬁy ﬁ? Q‘n?i rﬁ%% g .
such as a neral ly rectangul.ar -section neral ly trapezoi dal
cross-secfgﬁﬁyﬁﬁhyé?ﬁg?f@ﬁg%ég%%ﬁ{@ﬁélE h4g ?XéiﬁgﬁﬂPn81%¥8h %gpipgﬁ§t a
substantial portion their length in the ydirection, e.g., through one, two,
five, or rfbe ectivegatss Ibdmaydsdomcd with theteps described poverBuicsrast © FiGSe fin
cross-section may vary along the length of the fin in the y-direction. For
i nstance, 2A0RE.fin width 276 may vary or the fin height 280 may vary. The
fin width 276 may be generally uniformin the Z-direction, or the fin width
276 may narrow or expand along the fin height 280. In sone enbodi nents, the

active wal[Do@32 and Nasshy prosative Qs CFS td 38 )inmyskopassral’y (FGope) or curve
toward or away fromeach other (i.e., the fin wdth 276 nmay taper) al ong

the fin hehghte R8Rwed b &dpesarfht 831 tPRAsistors 286, as illustrated by FIG. 45. The
protective plug 268 and fin-mask spacers 270 may be removed with an etch that is
selective to these materials, with CMP, or with other processes. Two transistors 286 are
disposed on each side of the passive gates 264, and the passive gates 264 extend between
rows of transistors 286. The transistors 286 may be operated in a manner similar to the
transistor 204 described above with respect to FIG. 25. The current flow through the
transistors 286 is illustrated by an arrow 288 revealed by a cutaway portion of the active

gate 284. Similarly, the passive gate 264 may be biased to adjust the threshold voltage

of the transistors 286 and reduce GIDL, as described above.

[00066] In some embodiments, the transistor 286 (or the previously-described
transistors 204 or 244) may be used to access a capacitor, a floating gate, or other
volatile or non-volatile memory element. For example, a digit line may connect to one
leg of the transistor 286, and a capacitor may connect to another leg, or vice versa. In
this embodiment, active gate 284 may function as a word line. In operation, such an
embodiment may access a memory element by turning on the transistor 286. For
instance, the active gate 284 may be connected to a voltage source and the digit line

coupled to a sense amp, or vice versa. Alternatively, the transistor 286 may be employed



[ 00063] Next, an active-gate dielectric 282 nmay be fornmed in the active
trenches 260, as depicted by FIG 43. The active-gate dielectric 282 may be
formed wwb 2a1man498ty of processes and di el ectric nateriparaiS2eokh6as t hose
descri bed above with reference to FIG 19. [00064] After form ng the
active-gate dielectric 282, active gates 284 may be fornmed, as illustrated
by FIG 44. The active gates 284 may be forned by bl anket depositing a
conductive material, such as titaniummstride, doped polysilicon, or

ot herconductive material, and spacer etching the nmaterial to formthe

active gatigSomR8sthel RPe ¢ ble¥RolatOScdTENorRRapRPAS AN HSKE 28@mb e act i ve wal |'s
278 (FIG 42) and may extend substantially parallel to the fins 274 (FIG

42), int - dir i - er. i t i 84 may be
ot mred wi LR o a0l o DB RO, oo,
Next, the protective gl ujgs 268.and the fi n-.n?sk sg)gcer 270 (FIG 41) may
be removedtECeXFILRPUGRIRP SRFING INfGSLHET Sl foRmne BU 3tV st rated by FIG
45. The protective plug 268 and fin-mask spacers 270 may be renoved with an
etch that is selective to these materials, with CVvP, or with other
processes. 080671t r ans\Vatie the ipgmtign erayibssyesntifp te uutpus impdifigatioppahssi ve
gates 264, and the passive gates 264 extend between rows of transistors
286. The taltansiize torms 2@ecifimygntbediopratsatoad been shomarinevasdivxaample o thhe

transi stor 204 descri bed above with respect to FIG 25. The current flow

t hr ough t hikawingnshdhoedeiBbedcAbéd inuktdildiceeln bfoarvar itaod88e nedeabed by a
cutaway portion of the active gate 284. Simlarly, the passive gate 264 may

be bi ased thg Rdinyehtidne nbhRsb&Q @ Bealh@&fro 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.



of the transistors 286 and reduce G DL, as described above. [00066] In sonme
enbodi nents, the transistor 286 (or the previously-described transistors
204 or 24P 2wwo3b®3used to access a capacitor, a floati rgTgst@9/ 084640t her
vol atile or non-volatile nenory el enent. For exanple, a digit |line may
connect to one leg of the transistor 286, and a capacitor nmay connect to
another leg, or vice versa. In this enbodi nent, active gate 284 may
function as a word line. In operation, ®uch an enbodi mrent nmay access a
menory el ement by turning on the transistor 286. For instance, the active
gate 284 may be connected to a voltage source and the digit [ine coupled to
a sense anp, or vice versa. Alternati(y1gdMSt he transistor 286 may be
enpl oyedi n sone ot her type of electronic device. For exanple, the
transi stor 286 may be enployed in a mcroprocessor, a digital signal
rocessor,; a pr .repory device, or an application specific
Pntegrated'ciPéﬁgéﬁg¥29%§ﬁgﬁggtya few [00067] vﬁPIe t he invgntion may be
susceptible to various nodifications and alternative fornms, specific
embodi ment s hae"BEBHTSRBRASHY way of exanple in the draw ngs and have been
described in detail herein. However, it should be understood that the
invention is not intEeRdEd:-to be limted to the particular forns disclosed.
Rat her, the invention is to cover all nodifications, equivalents, and
alternatives fallingdwminhin the spirit and scope of the invention as
defined by the foll ow ng appended clains. CLAIMS 1. A device, conprising: a

transi stor conpri si nghafnd @&Hi6Lextending between the source and the drain;
a gate disposed near the channel region; and
a conductive member disposed opposite of the channel region from the
gate, wherein the conductive member does not overlap the source, the drain, or both the

source and the drain.

2. The device of claim 1, wherein the conductive member does not overlap either

the source or the drain.

3. The device of claim 1, wherein the source and the drain are disposed generally

above the channel.

4. The device of claim 3, wherein the conductive member is spaced below the

source and the drain.

5. The device of claim 1, wherein the conductive member is isolated from the

channel by a dielectric.



a drain; a channel region extending between the source and the drain; a
gate di sposed near the channel region; and a conductive nenber disposed
opposi t e Wb 20tv3e4vannel region fromthe gate, wherein tireTAS2AOO54i68€ NEMDEr
does not overlap the source, the drain, or both the source and the drain.

2. The device of claim1l1, wherein the conductive nenber does not overlap
either the source or the drain. 3. The device of claim1l, wherein the
source and the drain are disposed gener® |y above the channel. 4. The
device of claim3, wherein the conductive nmenber is spaced bel ow the source

and the dr@i n. fhe dERRc@@VIaGR 10WhEeR] B handMi6F @nfprisB@ conductive nmember is
isolated fromthe channel by a dielectric.6. The device of claim1, wherein

t he transistor acf?ﬂgplré'gglgﬁge%n&iaﬁfgeﬁiggl .5 lrglgsugg[p(ﬁg;%lby vertically froma

substrate; and a sec rising generally vertically fromthe substrate.
7. The device of cl 'n16,.mhereiﬂ th? ﬁfﬁyce 's§$is%osed near a di st al
portion of the ¥{F¥d IFggsingecpaallyvaiinally r?fflstibeo d"H&ar a distal portion of
the second leg. 8. The device of claiml1l, wherein the conductive nenber and
the gate are shared by a row of transistors.

7. The device of claim 6, wherein the source is disposed near a distal portion of the

first leg and the drain is disposed near a distal portion of the second leg.

8. The device of claim 1, wherein the conductive member and the gate are shared by

a row of transistors.

0. The device of claim 8§, wherein the conductive member is coupled to other

conductive members shared by other rows of transistors.

10. The device of claim §, wherein the gate is not coupled to gates shared by other

rows of transistors.

11. A method, comprising:

forming an upper doped region in a semiconductive material;

forming a member from the semi-conductive material, wherein the member rises
generally vertically from a substrate;

forming an active gate near the member; and

forming a passive gate near the member, wherein the passive gate is disposed

below the upper doped region.



9. The device of claim8, wherein the conductive nenber is coupled to other
conductive nenbers shared by other rows of transistors. 10. The device of

cl ai m 8, wbepw/a30498e gate i s not coupled to gates share#Chyusetvasionows of
transistors. 11. A nethod, conprising: formng an upper doped region in a
sem conductive material; formng a nenber fromthe sem -conductive
material, wherein the nenber rises generally vertically froma substrate;
form ng an active gate near the nmenber;2sand form ng a passive gate near the
menber, wherein the passive gate is disposed bel ow the upper doped

region. 12.12The TRUAGHPE @hid M, Wherdh 86r81iRe e dgkr bR p RS mia AR, Ses
formng a fin. 13. The nethod of claim 12, wherein formng the fin
conprises formng a pair of legs. 14. The nmethod of claim 11, wherein the
active gate and the passive gate are fornmed fromthe sane nmaterial or

mat eri al s deposj,ted duri 1 hi ane step or steps. 15..The nmet hod. of claim
e Cubor o -1 o et Bt Odhbb1 2 cORn CBtng e ipries S O ono
side of the nenber; formng a first nask over the first trench; and form ng

a second t®nch on an opposite side of the nenber, wherein the second
trench is deeper than the first trench

14. The method of claim 11, wherein the active gate and the passive gate are formed

from the same material or materials deposited during this same step or steps.

15. The method of claim 11, wherein forming the member comprises:
forming a first trench on one side of the member;
forming a first mask over the first trench; and
forming a second trench on an opposite side of the member, wherein the second

trench is deeper than the first trench.

16. The method of claim 15, wherein forming the passive gate comprises:
forming a second mask over the active gate and the first trench; and

recessing the passive gate below the upper doped region.

17. The method of claim 16, wherein a portion of the second mask is disposed near

the bottom of the second trench while recessing the passive gate.

18. The method of claim 11, wherein forming the passive gate comprises:
forming a mask covering the active gate; and

etching the passive gate.



16. The nmethod of claim 15, wherein formng the passive gate conprises:
formng a second nask over the active gate and the first trench; and
recessi ngwohelqpss®sve gate bel ow t he upper doped regi onPCINUS200005468¢ hod of
claim 16, wherein a portion of the second mask is di sposed near the bottom
of the second trench while recessing the passive gate. 18. The nethod of
claim1l, wherein form ng the passive gate conprises: formng a nmask
covering the active gate; and etching tfe passive gate.19. The met hod of
claim1l, wherein a first side of the nenber is formed before a second side
of the menber. 20. The nethod of claim 19, wherein the passive gate is
formed near the first side of the menber before the second side of the
merber i s jiqor "BﬁI idthod BEc1f PPE}Q{%E ﬁg%ﬁ‘sﬁcﬁ of"éﬂlseﬁlgfnﬂe}ﬂé'?orﬁﬁﬁ%ei’o%gat elis

f or med before e active ga e A device conprising: an array O
transistors, the a r|5|ng a plurality of rows of tran5|stors, each
rOM/conprlggm&S@f%fﬁg "of fins having a doped distal portion; a first
gate extending along a first side of the plurality of fins; and a second
gate extendi ng al ong a second side of the plurality of fins, wherein the
second gate does not overlap the doped distal portion. 23. The device of

cl ai m 22, 2fher €fhe reetbdd 61 clainm 19, lvehepdinitheel passivogat isforredmear sedfistwide of

the member before the second side of the member is formed.
21.  The method of claim 19, wherein the passive gate is formed before the active gate.

22. A device, comprising:
an array of transistors, the array comprising:
a plurality of rows of transistors, each row comprising:
a plurality of fins having a doped distal portion;
a first gate extending along a first side of the plurality of fins; and
a second gate extending along a second side of the plurality of fins,

wherein the second gate does not overlap the doped distal portion.

23. The device of claim 22, wherein each fin in the plurality of fins comprises two

legs.

24. The device of claim 22, wherein the first gate does overlap the doped distal

portion.



| egs. 24. The device of claim22, wherein the first gate does overlap the
doped distal portion.25. The device of claim22, wherein the rows of

transi st owe 20r0/w3h@3pl ural ity of rows of transistors arePCc@fUSe@wiosshe
symmetric to adjacent rows of transistors. 26. The device of claim 22,
wherein the rows of transistors in the plurality of rows of transistors are
rotationally symmetric to adjacent rows of transistors. 27. The device of
claim?22, wherein the second gate extersds between adjacent rows of

transi stors anmong the plurality of rows of transistors. 28. A mnethod,

conpri si ngi5 t urfe@vRebf aRfh 20 ORhQBRinde ARR ofitRE siddroR INOpluAdRy brodvsBat e of
the transistor; turning the transistor off by applying an off voltage to

the gate; et?a@?ist%?é {r&&é}ﬂecﬁv%lg%gﬁﬁl%i& té% ia%&% 8% %)pﬁaﬁs!s%}§.i UL UL AL

on vol tage by applying a [eakage-reduction voltage to a conductive nenber
di sposed near the transistor, wherein the | eakage-reduction voltage does
not forma conductive channel between a source and a drain of the

transistor. 29. The nethod of claim 28, wherein the | eakage-reduction
vol t age i £%applThedieviseohelabnadurhsred the raves of\irapistory inithgyplgrnlithel xowawsi st or
and when turning off the transistor. 30. The nethod of claim 28, wherein
t he | eakagensietucdt ootatioiallyggmistinetocdgpeamraivk pf gomst@nt duri ng operati on.
31. The nethod of claim 28, wherein the on voltage is higher than the off
vol t age. 32. The method of claim 31, wherein the | eakage-reduction voltage
is less than the

27. The device of claim 22, wherein the second gate extends between adjacent rows

of transistors among the plurality of rows of transistors.

28. A method, comprising:

turning a transistor on by applying an on voltage to a gate of the transistor;

turning the transistor off by applying an off voltage to the gate; and

shifting a threshold voltage of the transistor closer to the on voltage by applying a
leakage-reduction voltage to a conductive member disposed near the transistor, wherein
the leakage-reduction voltage does not form a conductive channel between a source and

a drain of the transistor.

29. The method of claim 28, wherein the leakage-reduction voltage is applied to the

conductive member when turning on the transistor and when turning off the transistor.

30. The method of claim 28, wherein the leakage-reduction voltage is held generally

constant during operation.

31. The method of claim 28, wherein the on voltage is higher than the off voltage.



of f voltage. 33. The nethod of claim 28, wherein the off voltage is higher
than the on voltage. 34. The nethod of claim 33, wherein the
| eakage- reduoto/ismogol t age is greater than the off volt ageT/US2009/054646

31

32. The method of claim 31, wherein the leakage-reduction voltage is less than the

off voltage.

33. The method of claim 28, wherein the off voltage is higher than the on voltage.

34. The method of claim 33, wherein the leakage-reduction voltage is greater than the

off voltage.



