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[ 0001] EmboWPFBHS048F t he invention relate generally to RITAE2POINES46
devi ces and, nore specifically, in certain enbodinents, to asymetric
fin transistors. Description of Related Art [0002]1n many types of

el ectroni c devices, transistors are use? to selectively

TRANSISTOR WITH A PASSIVE GATE AND METHODS
OF FABRICATING THE SAME

BACKGROUND

Field of Invention

[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



conduct current. The transistors usually include a source, a drain,
and a gate. The gate controls current flow ng between the source and
t he drai n. WOr2ddi3&9drs are often characteri zed by a t hrrRESgH2009@at6a6
vol t age, 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 inpede the flow of current when the transistor is
off, the gate voltage of the transistorZ2is held below the threshold
vol t age. However, some transistors function in the opposite

manner - condaoiarnty o batweendhe dragudnd tirer b hioitadorgabieh thel ttaagjgtonindormed, a

i npedi ng current at a higher gate voltage. [0003] When a transistor is
in the of f Hieadreenosoeferraliorae figatevindusdd drhin lleaakee” EGEML)Y i ¢ fiel ds within
the transistor may form conductive paths through which current
escapes. Oten when the transistor is off, the gate voltage is
different fromthe drain voltage. This voltage difference may forma
relatively strong el ectri BRIEEIDESGRIRTION OFAPRAWINGS gate i s
frequently di sposed near part of the drain. The resulting electric
field can d80d char §&GS.2-Zailngrage qroexhainply dfatpreess fohfrdingian asmylof he
substrate on which the transistor is formed, a phenonenon referred to
as "gat e- i ndmneiedrsdn acdordagekage in ¢fddiment BRHepréERCRhRGLEN OF DRAW NGS

[0004] FIGS. 1-25 illustrate an exanple of a process for form ng an
array of transistors in accordance with an enbodi ment of the present
t echni que; [0005] FIGS. 26-33 illustrate a second example of a process for forming 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.



[ 0005] FIGS. 26-33 illustrate a second exanple of a process for
formng an array of transistors in accordance with an enbodi nent of
t he presen?wWOtzéuyiigiie; and [ 0006] FI GS. 34-45 il | ustr at @Ca/u2009054646
exanpl e of a process for formng an array of transistors in
accordance with an enbodi nent of the present techni que. DETAILED
DESCRIPTION [O007]FIG 1 illustrates a first step in an enbodi nent
of a process for formng an array of transistors. The process may
begin with obtaining a substrate 110. The substrate 110 may i ncl ude
sem conduct[00@8]mat er Tk sutstrath 148 may nglhele an yspeaaldopad rpgibly ¢ 13/ atdad loivae
silicon, gallium arsenide, indium phosphide, or other materials with
sen conductdupedregiparittdeShe Mptlesitas epper depedacton 112nay be, eehbigll f ukisdrnat e
110 may i nclude a non-seni conductor body on which an el ectronic

devi ce may der £ansihntits bed of teGubstdteNdYand Wk uppsr dopRd AstdnCl 19m#&ean €
wor k sui face. The term "substrate" enconpasses these Structurés in a

variety of @?@&&&e&ﬁtlﬂ%&ftﬁ@fo%\re?doﬂeﬁ?cl,cﬁ'SH NGy, g9y AT, Ocez%g‘él %ﬁ?é?e

wafer, a partially-processed whole wafer, a ful l'y-

wafer, a qué&bﬁ’ﬁ'l?lfnaﬁlrfglugggn H%Bﬁfe’uape(nd%epﬂ%l—ngegfwg@ogi ﬁﬁ'gamgﬁae Lp. @

packaged el'ectroni c devic

material or vise versa.

[0009] 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



[ 0008] The substrate 110 nmay include an upper doped region 112 and a

| ower doped region 114. The depth of the upper doped region 112 may
be gener al W@ 20BN over a substantial area of the sulIWER2e09D3G16
and the upper doped region 112 may be doped differently fromthe

| ower doped region 114. For exanple, the upper-doped region 112 may

i nclude an n+ material and the | ower-doped region 114 may include a
material or or vise versa. [0009] Next, 4everal filnms may be forned on
the substrate 110, as illustrated by FIG 2. A pad oxide 116 nay be
formed on thedoupplerithiCpEda spgi-onditle@ric Proeepact anber geocdsh6s. rRiyallyasreupper

t hi ckness | ess than about 300 A, e.g., less than or equal to about 80
A may be usedsiing bbig 1 panhapke themad 6n theYovoe riaking Gody 122, Theapp@inyasbing
techni ques. For instance, it may be grown by exposing the substrate
110 to oxygedy 124 ghay bt thade 6f bt @ tHel MAREGLs (QinddtwilBYVD&r @ROsobAkES,
with atom c-1ayer deposition (ALD), chem cal -vapor deposition (CVD),
or other prH@eSHSshaveathittheROslYdes -a9out 1800 ﬁya%a)abé&%o@m & IRLMRshoR

t he pad oxide 116 with, for exanple, CVD. The stop body’ 118 may
i ncl ude a nj cﬂ% uch as silicon nltrlde, and it may have a
t hi ckness Ie s than ‘about 300 A, e.g., about 95 A may be useful, but

l'i ke the other structures described herein, the stop body 118 is not

'b'femf Zfﬁeéréﬁmﬁi Ot oaeRl 3@515%%1235@8?1’?%@% £ fﬂ%ﬁh%‘bpﬁ&b TheR
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maski ng bo 122 made of an OX|de and it have a fhi ckness
bet ween abdﬁ?"* BHBHWJHEC%B&{MQ k hefomay ing uaeapgmey 5o ehandsting “Ei’éked
useful. The | ower nmasking body 122 may 4 be fornmed with CVD,

spun- on- di éF@@‘i‘Srha(‘,’mﬁradi@ég“smS@ﬂd grnesed iseionehayving a widgn] 30 Thar\w@ib@b%
maski ng body 124 may be fornmed on the | ower masking body 122. The
upper naskmﬁélﬁ%ﬁvy%Qéﬂﬁa#wbﬁuﬁﬂ@gmbbﬂ@ambbﬁwbgemmﬂﬂyﬁqwdt@ﬂmals
formed with CVD or other processes, and it nmay have a thickness

bet ween abdithoggbdE-rsamibrdbuit {e. 80O pigtolehopraphib mutlu@Q0mA arayiniieim
useful . [00010] Next, a colum nmask 126 may be forned, as illustrated
by FI G 3. f¢ifine sizey, mféical tonm“F.UOHE colimm iskr126 onaghyveapitdhCldR a@g.q., a
hori zontal direction on the substrate 110 other than a direction that

is differenfistfconvérivnich £ Stleir0Bpdabid thab 4R RGMBNEJuMT to PLE, OLHeQREs fPMBd by
extend.) The columm nask 126 may include a pattern of |ines that

define maskgdcdi@gh AAS mhéygbeaoe%mmséﬁ&umeﬁnfFé@@d kSEHR Behel) %Ma Rgya
width 130. The widths 128 and 130 nay be generalfy equal to each

ot her and e!@g%}%l?ﬁé}ﬁérﬂllh ceﬁ-ﬂﬁectfoﬁutfn&ell#lémg)’; prggngmil %&lt blgfbnh' m t

(e g, the ph ographi c-resol ution eature
size), ref % Lj Ghifdfm IIE he };hrgffcc(ﬁ%tl “fH’otﬁ'& embo i enfythh?ings 3 erdt b f}PéI- 32
(e.g., a dIS e over tern repea 3 'S gener

equal to 2

general ly” $PP ]?ngﬁ%slk léﬁrwiﬁvwb S o ERRY GRS ey down, L
general |y exten e Y-direction. These_]ines may be enerally
cont i nuous 28h&2 ePl’gtPoé}F b they Hiay §rmnin iwidthén the i-disectipr they n%f’t}’ﬁ’érf‘)fmed
enbodi nents, the lines formed by the colum mask 126 may have ot her
shapes, .d“”“%ﬁ@vﬂ%ﬁQ‘ﬁﬁﬂ@ﬁﬁ@@mve g., up and down, left and right,
or both), they may vary in width in the Y-direction, or they may be

fonmdfroma ?Lwahty of shorter segnents.
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



{00011] After form ng the colum mask 126, a colum hard mask 134 may
be fornmed, as illustrated by FIG 4. The colum hard nmask 134 nmay be
formed by Werréridlsp4p3 ani sotropically etching (e.g., w thPC/R200846ahal
pl asma etch) the portion of the 5 upper masking body 124 and the
portion of the | ower masking body 122 that are di sposed under the
regi on not covered by the colum mask 126. In some enbodi nents, the
etch may stop on or in the sacrificial body 120. [00012] Next, the
colum mask 126 nmay be renoved, and the columm spacers 136 may be
formed on tiuppeisinadeg Hody 024 tivkethe pbutiom ofithe tbwen shaskiBd bodys1 A2l tharater at ed
by FIG 5. The columm spacers 136 may be fornmed by depositing a
general | y cdisfosednmideif the regia igpt coverddi tythd dudiimh shac 1252118 66tht ymbetimentmn
t hi ckness on both vertical and horizontal structures) and, then,

ani sot r opi aat iyh eagRicp@ntohaf thé kdcriritial bRiyage. it from horizontal
surfaces, |eaving material disposed against generally vertical
surfaces on the substrate 110. The col um spacers 136 may be nade of

an oxi de, gogorpey nmaexhaeofun Mhdk m@%ﬁymetlemeveheﬁﬂ th&'éshurkR Shadehs 136

e.g., less than or equal to about 36 nm The colum spacers 136 nay
narrow the ggeg eﬁﬂaﬁ&ﬁthexldwms%@ ltnerﬂalm{ﬁlmh( ﬂ83l4ast muala\aé Gl}éyhcré@
that is |l ess than or equal to about F, g., equal to or t han

about 3/4 Ry 42 sgg%ehs% L0 %@%kgﬁa&%lén@%;ug%ﬁgm? f@lfeg,a

columm isolation tr es 147 m |so

trenches 1 § sptro et.chi S

regi ons beﬁﬁglgﬁ%tlﬁgf i Igﬁn‘?']us}!oéglgblsc lleé%gn g?a]th g dﬁg%% é‘fail S géﬂdés

142 may hav a wdth. 1 1 t hat co es onds ta (e.qg., ner al

equal o orifs g zsﬁ&sFmg 5 Bl S mere ‘ig'ﬁg"e]’ﬂ%é‘”&t&s%‘%ﬁcqss‘&“’ 5 on

trenches 142 % gener.al | extend in the Y-direction and may be

general |y Ja¥el4! dispesd @gaibst genEt!lvayseficgbivainggsiop the substge 110rpkhe column

cross-secti onal shape of the colum isolation trenches 142 may be

general | y UBRGEHT FAOimRaYt hsenadedif ap exiderind they stnydasad wilthd 8 that i ﬂ%s eh um

isolation trenches 142 may have a depth 144 that is between about 500

A and aboutlO8m00e4;, less @mn onbanat 1o 3§ 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.



6 [00014] After form ng the colum isolation trenches 142, they may be
filled partially or entirely with a dielectric 146, as illustrated by
FIG 7. Theodowyieewsic 146 nay be made of a variety of RAVERDERINS{646
such as an oxide, and it nay be lined with a variety of liner filns
(not shown), such as an oxide liner and a nitride liner. The liner
may be included to enhance the characteristics or prevent undesirable
interaction of the dielectric 146 with @Gnderlying materials during
downst ream processing. As will be appreciated, the liner may be

di sposed or[0801dhln by Adry fammeght cadmah isobtionirguobss 14 éegivelydetidlied 146
may be fornmed with a variety of processes, such as a high-density

pl asma CVD partiatlg ®s entiralyswithes dialbeddt e tas illudtrated by BIG. 0 mhadicldegic 146
dielectric 146, the bottom of the columm isolation trenches 142 may
be i npl ant adayote didefldfaadrivvy toh mateiaRAduth ANATE o:80WR) it R BE g Wh a
further electrically isolate structures on opposing sides of the

col um i sol @h&@,rblfFih&&g{aﬁ%&&g@og%&@%% Mextide i atPSitiRUf el oheTRYr be

pl anar zed, as’illustrate Pl anari zing the substrate 110

may includey, ﬁélhaﬁdédpg eﬁ%ﬁé {h@tcﬁar%%%ﬁﬁés %%&\%m lﬂgiegﬂ%lesﬂfll@?‘aui@f (E}' (ﬁéé th

chem cal - mechiani cal planarization |*anari1 zatiron may 1 n

renovi ng bot ] kin od 24 and the | ower .maski ng body
195 and pradseE LR BRI, dihe AREn Ll Epirt o R S5

Addi tional |y, an ypper. porti.on.of the dielectric 146 e remmyed.
1 00016) Mo PPiERErHBE Fipfahay CiRoser3S et BeorpucorearpyR e banves avs
renoved, as.illus ted by FIG 9. Renoving the sacrifjcial body 120
may i ncl udéﬂ%{mm%i{@?%b%%“a?@wgbew?lﬁ‘ﬁwmvgﬂﬁbegﬁuale as 3 highlengty plaseach
t hat selectively etches the sacrificial body 120 wi thout renoving a
subst ant i alCYBPIqceTs- dp sepecrakesbaens.grier wdempips thealielgctigc 146,ihehotipmet ch
that is selective to the sacrificial body 120. An etch is said to be
"sel ecti ve thecolympnspelatipy frenches 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



7 if tshe etch renoves that material w thout renoving a substanti al
anount of other types of material exposed on the substrate. After
renovi ng twe 20060463 ci al body 120, generally vertical pajEeRioess1648
formed by the dielectric 146 may extend fromthe substrate 110.

[ 00017] Next, a second col umm spacer 150 may be fonned on the
sidewal I s of the generally vertical projections 148 of dielectric
146, as illustrated by HG 10. As with fhe previously-described
colum spacers 136, the second colum spacers 150 may be fornmed by
deposi ti ng i&thgerarahbyes tionhnrenal withdunedovidee sibhsitabimount Of ahét types of
ani sotropically etching the filmuntil the filmis generally renoved
from the hahitz@nleRpossdiod aeesbsth@AWIRIrehRin¥BhEfdcAticifNbiP &2y, 8khdr 511531
surfaces on the substrate 110. The second col um spacers 150 may ‘be
made of t heve?tf‘é'ﬂ?p B’_FE@MSQLIS il 8y Qie‘:{‘iﬁ&;tﬁé 46448, eﬁexﬂl flon?-ﬂle(gﬁlbs%%te 190.
they may be nmade of a different naterla The second col um spacers
150 may have a width 151 that is |ess than or equal to about 100 nm

e.g., |less phi@nor eaiial, akQoAPesltimAGodt gm“mﬁayswfeﬁﬁ&l drfle EBYwAR AR @
mndth 154 betmeen adj acent spacers 1%0 that I's |l ess than or equal to

about 1 F, o%ﬁéal'l:y vé'rﬁc?al Eroifggoljrsl 14318 of d[epegggc%@‘f zliselflusftlg{] nggq(t}hﬁ) S&scxgirf'lgthe

gr oup of CO:I um ‘'spacer an’intra-device tre

Formed by A4S 0%5‘?13?65’505 v hé el é@ﬁ%ﬁ%@%ﬁm@my e
d | . T
substant i al'Py Pg?leﬁlgﬁryaqeel’%ﬁlmiaoa SERER PSP B TGP e Liead Aietopically

trenches 142, ﬁ ﬁ@g [ % enerally extend in the Y-direction. The

i ntra- devi ceé"hf‘}tet & Her hnt3 WagRerallyfamekediizom thedorizenty) sprfagepdeavitigan
the depth 144 (FI.G 6) of the colum isolation trenches 142 and

great er t hdbe MaETdSHthe vrticahsurfpspeen e peytrate di ©nTheisgcondgofupnosraiaext |

a dielectric 156 may be forned, as illustrated by FIG 12. The
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,3/4 F, 1/2 F, 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.



di el ectrizc 156 may be forned with a thickness that produces an

over burden 158, increasing the likelihood that the intra-device
trenches 1W2 20106394031 ed. For exanple, the dielectric 13€TMgibaBI@
t hi ckness | ess than about 800 A, e.g., less than or equal to about
400 A. The dielectric 156 may include or be formed primarily with
tetra-ethylortho silane (TECS), e.g., with CvD TEGCS, or other
appropriate dielectric materials. The dfelectric 156 may be densified
after being formed by heating the substrate 110 to drive volatile
conpounds [N he diNekgetliclectrit5E6 MR IO Ll avrillammradivg RiGel2. The
dielectric 156, the substrate 110 nmay be planarized, as illustrated
by FI G 13.dielkeris Wishipbefothéd Wal a itckikanhdtipZeidced dnlbveEdtideanss,

et ch- back process (e.g., by depositing a sacrificial planarizing
material angertfien (e GkdliRGod MEQHYMh RBvis@&EAchEC] B ardfiBedaIFoR ENBnple, the
material and into underlying structures), or other appropriate

processes. dldigusd o5% rﬁﬁsﬂﬁlavé%f%hléﬂe% lethdBdbobURIA QY 885 aﬂ'o’i‘@@!ﬂ fation

stop, inpeding renoval material fromthe upper doped regi 112

and the pa@n]l?gﬁ(t'ﬂﬁ A&lﬁxe d?gléc%tl Ee%ésj}ﬁ ngfﬁ égﬂj Ofgﬁﬁedr%fl%ﬁ ﬁ%’ltfl éﬁ?lq] ettl(k}s

stop body 1 remal ni ng on ra e 11

\lr:AeE;ihoﬁ \ﬁé e%ggﬂé]rf]]%klgéﬁ?pa? ’r“(')lf/hv %Dﬁﬁ%ﬁ °h& e%%’%‘ogrjﬁ%ghde d |rf1?tfil§$? ‘at ed
FIG 14.
t%e col um ﬂ’ﬁ I9 o%vg ID@Y ensl*ﬁ%‘P St T@glbﬁﬁﬁzp‘g‘;pfegﬁu ‘?N{]t

phot oresist or it may be or exanple, and it nmay be
pat t er ned \/ﬁ”t"ﬁ"B]HB]FGPWPWHGFQﬁﬁvh‘?)ﬁle}??%’érlsﬁ t hogr aphi ¢ processes,

e.g., nano imprint |ithography or el ectron beam i t hogr aphy. For
exanpl e, ﬁo&gw mask 160 nmay be formed by patterning a body

anor phous ¢SP038h that‘\f‘F’sfof‘B}“#ébF‘Hﬁ]eftHé]gﬁjlﬁ]&@(‘i‘@f‘b‘tﬁlh@ may Wa"&lﬁé‘?ﬂpﬂbus
carbon may be formed with a thickness | ess than about 3000 A e. a
t hi ckness  lidussrated by FYp. 16qdAe sukstiatsdud nmode phnarized withi MBsa cigob
define masked regions having a wdth 162 and exposed regi ons havi ng a
wi dt h 164. preresstask o depaditing hé2crifeyal panidzigematetisand Hen eschogabrowgtdthh
164, for exanple, nore than about F, 3/4 F, or 1/2 F larger. In sone
enbodi nent sacrifiveal pnaivgkma60almay ie uiderlying stidttres), or other appropriate

sub- phot ol i t hographi ¢ process, e.g., a sidewall-spacer process, a
resi st - r ef Ippoepea CHgSstoppbidgtl BUENS. ONEey Auttidl BagSdmarigdtiod ¥ impeding

| i ne-wi dth thinning process. The row nask 160 nay define a pattern of

lines w th réngidl 6hmiefal fiot OkhgperaiBhQrtcIBAL$2 atdBe E@i &84 IR Re
interrupted by other structures. The lines fornmed by the row nmask 160

may be subsifntiiabhYhehhe]igom HeQRpdhl al é YerRAiAd biBthe khsRRE 136 ?ﬁa? Bk

and may extend horizontally in approxinately the X-direction and
vertically iR PELOXIRG §leY e e

t he rraskedlrle%\?egns o#v thg r%wﬁﬂnﬁs tgbségﬁnéﬂﬂ\%rdg 1??\@\,“61 E%%?gh%%{]g%m
side to si q or up and down, or they may be segnented. [00022] Next,
shal | ow r ow %’renches 168 may be fornmed, as illustrated by FIG 15.
The shall ow row trenches 168 are shal I ow reI ative to subsequently

descri bed ow t ches n

may be fori@gﬁwj f\]e};&yalew a%lﬁtaqo B clhe “? 8 'Ué} %yategivgﬂeg&& g‘geﬁﬁlf‘fz,

the | ower do 14, e dielectric 14 and t c

156 at " approltk a0 Bty BF mSeHIN sl o sogums o PEAEKELS T Bhe g

have a depth 170 that i.s greater than the degth of the intra-device

trenches 152K gp@gmay bs formgd Pl Photqiesist ¢idt May bt bard ek, dey gxample. and it

isolation trenches 142 (FIG 11). For instance, the depth 170 nay be

| ess than Al patgpedavite phptolithegranhytas odier lidiegraphie progerses: e.240MOA.
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.



[ 00023] After- form ng the shallow row trenches 168, another row mask
172 may be fornmed, as illustrated by FIG 16. The row nmask 172 may be
a soft nmaswoaf1o3@dd 10 nask formed with phot ol i t hogrrqams2as/osdcer
| i t hographi c techni ques. The row nask 172 may define an exposed wi dth
174 and a masked width 176. The widths 174 and 176 may be
approximately equal to the widths 164 and 162 (FIG 14),

respectively. The row mask 172 nmay be dPsposed partially or
substantially entirely over the shallow row trenches 168 (FIG 15),

ext endi ng i Feanamphooy embapmanbe foneed with havicknew lessehohdsutB3H80 AFLG, a
15). The row nmask 172 may extend substantially parallel to the row
mask 160 ( Fhicknekd)ess that ticeqialdh ab@i 2000 ANThereyw haslof60shdisdeting inakiey
uniformw dth. In other enbodinments, the row mask 172 may undul at e

si de-t 0- si degiohPhadiid 20010tk 162NN ek bs¥d Bklons Rivites SRENESS. Sthe nfRRed Witth
mask 172 may form a pattern t hat repeats with a pitch 178, or the

pattern mayj¢end 3%%%5%&%%; & DRfin 4. Birlels &ﬁ&%%ﬁla[}@a&% 3A8€R;

row trenches 18 forme as Il lustrated 17. Thé deép

h
doped 1601 ot f{?%"gf‘ﬁ%p ow%?%%%” i @éé?%%ﬂaf%&@%g%% e@?’??lc'*ﬁaéppiﬁd

165y R DU Rt e L
may ha [ ’
intra- éew ce,t %nches 152 g lh ‘), gtileat er_than the depth 170 of
the shal | of'POCEFRHERES: PE8MPRINE WigH)thinging prorsss- (aroY Mask Lok mabs

t he col umm 4 gol ation trenches 142 (1F| G 11). For exarrﬁ the depth
182 may be 9°H8%2 PHIGH Siiyise WA a@iEh 1@o. g[‘“’t@qﬁ%l”ql@e'éfls RAUtEFHAMN Bout

1800 A. [00025] After form ng the deep row trenches 180, the row mask

172 may be iperfpRiedby pBsistigiurese The pgstiommeedity) thestomamasd 1@91@@6 18. The

row mask 172 may be renoved with conbustion or other appropriate

processes. sWpsantiaBy Ftrdighy, sibisentialy earall@ terane dnethleydad onag exend haeizehtally ow

row trenches 168 positioned between each pair of deep row trenches

180 i n a pabtupwoxiohtedy the Xaditdcrign sitidelrtionly tvappredmaitely tH6B daadiode®p r ow
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 1&, 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



/1 trenches 180. The deep row trenches 180 may be deeper than the
shal l ow row trenches 168 by a depth 184 that is greater than or equa
to about 190 2000/04003A, or 800 A The shal |l ow row trenchEsua®andid he
deep row trenches 180 may define fin rows 186 that rise substantially
vertically fromthe substrate 110 in the Z-direction and extend
substantially horizontally in the X-direction. [00026] A gate
dielectric 188 may be forned in the rowhkrenches 168 and 180, as
illustrated by FIG 19. The gate dielectric 188 may be deposited,
grown, or ahdsErfwingd Widr phedlitargdiphy onetherdithadrarhid mtinyques. it rowahask 172
cover the exposed portions of the upper doped region 112 and the

| ower dopednsiyegsfmn ad ddposddeidgal B shidelmskéd widlBB7aretheiwidthy 0Bt #hdvidesi et y
of dielectric materials, such as an oxide (e.g., silicon dioxide),

oxyni t ri de, m&y bipphoxithabBeh fidl¢o Ge matﬁmﬁm{d%pgm. hiK @eshétifély Mhe row
di oxi de, zirconiumdioxide, and titaniumdi oxide. The gate dielectric

188 may havg,@ mb&;ﬁ@%@%ﬁgbt&a%&%ﬁpFg%gg&r]n%ﬂ%/émh%}y%ver e SEUIGKNIESS

equal to or |ess than abou 27] Next, a"gate material 190

270 2, 7L SGhUNE BL| 2y 5B TINg £8 h [4

20. The ga nmay | uctive material, Such as
doped pol ysili one o re netals Oy, T, TI or Ru e
o ot ect i vo Ut ar e i TRerudEeRt fibgho duyabitie bt Sgatedtd
(HARP) oxi d orned,on the gate material 190. The gate material 190
tmy b | s ) BB RS 15 T Dot qubst by PR Or g e about
250 A thick, and the protective material 192 nag be I ess than 200 A
thick, e.g.cmbodimants Segpw sk 1{hmay upbilate sidptonsiderypapd dewe vaw)is widh,
and 192 may be general%¥ conformally fornmed on the substrate 110. 12
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 [80 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



[ 00028] The protectsi ve material 192 nay be anisotropically etched, as
illustrated by FIG 21, to formsidewal|l spacers. The protective

mat eri al 192 208033 et ched with a dry etch that is gener@iseo09/0s4646
selective to the protective material 192. After etching, the portion
of the gate material 190 di sposed on horizontal surfaces may be
exposed. For instance, the gate material 190 di sposed near both the
top of the fin rows 186 and the bottomi&df the shall ow row trenches
168 and the deep row trenches 180 may be exposed. In other

enbodi ment styenahgsdB0. The daepsoo sieaaits 880 yiayabd deapertthan the sallotviree trenches
material 192 near the bottom of the deep row trenches 180 remai ns on
t he substr atés by hQepfh0BAZY Neartatertthe @atsal e@dRLE BI0 A. 20078 Yr BEO At dhed,
as illustrated by FIG 22. The exposed portions of the gate nateri al

190 may be WaNowkdN@shcBEs MBtan8 il RED rofv GenchdM 180 My dBfide Bh Sdvd BE thRSS
than about 10 m nutes, e.g., equal to or |ess than about 5 m nutes.

The gate maj@rlRtantidP @@Hcalﬂl? rﬁ%ﬁfﬂﬂ@ dutdithek E13% feine chﬁreg@t;n%{gici%}(tel’]n? 0

di sposed on either side of Inrows 1 IS separate eavi ng
conductive sj . the. si.des of the fin rows 186. The
portion off%hﬂgggpih%%%@%?iﬁpgﬁébgnggged near the bottom of the

shal l ow row trenches 168 and the deep row trenches 180 nay be
remved, OfiohdagBY DA Ll iRl hes ﬁl‘dg B FahEa bl D RORBEH &Y 50 e
gate materia 0 to formseparate spacers nay forma precursor to a
passi ve gat. 94 on e side o ch.fin row 186 and an active gate
55" on t he DRTaRaB) 5001 18 e il Bh b et A Fi'oaf <
to structures rel .iq@ tq}cong?nents_ihat are selectively energized
to turn on PR pgHEmaY sybstaghe it HentishiRovHEs FXRosed Rortagns of gie upper
structures relating to conponents that are energized at, ?enerall t he
same vol t agePEbicaIoRdd4 avhibe dovgidpradgegips 1 th Hirairbviettrie 13% mayginsluge a
is off. The precursor to passive gates 194 nmay be forned in the deep
row t r enchegriggef digiegiricieateréials, vechgia ne exide &2 odliqemydiaxéded orxrpigridenott he
shal  ow row trenches 168. Adjacent fin rows 186 and their associ ated
gat es 196 dngh-digiectnagointans nhagtialtike hifpiumedibeide,izitednjure yinoxidter arel tatun
each deep row trench 180, such that the precursors to passive gates
194 are di sioséd Dr gadjdidentic $3%esy nfve hhisiclriess leowbanlSouestdd tde, act i ve
gates 196 are disposed on the far sides of the adjacent fin rows 186,
or Vi se verthigkness 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,



[ 00031] Next, a row mask 198 may be fornmed on the substrate 110, as
illustrated by FIG 23. The row mask 198 may be a soft mask or a hard
mask patt ewoaedionse493 phot ol i t hography or ot her |ithogr aEuTeUus2009/054646
techni ques. The 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

i nclude a recessed portion 200 forned f#2om undevel oped phot or esi st.
For exanple, the row mask 198 may be forned with a positive

phot or esi st[000283. , a Thepicgdctivdiaiterial Pemsayiteanisex@osdly ctahed,iag Htustraed!
the recessed portion 200 in the deep row trench 180 nmay not receive
enough | i ghdy RIG. gEvefam sideatall RpackisO The brotdtave MateTaISIO2 1R Heeehbs &ith Ae
| i ght does not penetrate to the bottom of the deep row trenches 180.

As a resul tdry 8icR®at is@Rn&thily f8cAROlARE Slofkti PBYaE QALY ARel AR teom of
t he deep row trenches 180." [ 00032] Nex the precursors to passive

gates 194 f fogr X u d
by F1G 24 e R Sk 19D OUPRRSS) NEsSAASERL naSul LR B
i's general I nst e

pasgl ve gat es ’?ﬁé Lé/tgglté'%#%gfebgg@%% Eiﬁglaéc}%%ih% ?P ?1 tﬁg’s@!& PR %g ind @&1

etch described ahove a Si 197 be sed a

di st ance Zd]f B 339 t%‘%‘ i lo] Fésdﬁ"s 58}? dfi&mx“ﬂﬁwé lg%gr%aé’ bfciép?ﬁs?r
be greater n or.equ to about 50 . or The
passive gatl8 st boaﬁle’%l?ts 8&%‘%é@%ﬁéﬂ@&allwﬁyofd%mow‘ae 1}36@&@1682 BF he
intra-device _ 14 trenches 152. After recessing the passive gates 197,
the row mashe 1g®nhhthedecp spwfisaches 130 remging g dsrsbsitatoniOor ot her
appropriate processes. [00033] FIG 25 illustrates an errbodl ment of a
transistor 204 formed with the above-descri bed process.

transi stor BNy | Neruie @i magiakdP9 may pe pic awéiwtw@eddayﬁ{@r 22rThe
side 208 and a | onger side 210. A plurality of asymretric fins 206
may be par texpgsed getiiony oftthegye évteaelgl%ﬁ rapyherdrp etghdd v wep pisheri 6. (, Ml an
18). The asymetric fin 206 may include a pair of legs 212 and 214
separ at ed B laeteiofoc lespthan alemt t@aponai ag., equat foer last thadebout & nineag HTHES 2
(FIG 11). A distal portion of the legs 212 and 214 may be forned
fromthe upaermadeapddod egy bn ethd umaih cheaateoneerigh 09 dioposed on bichel sigs of2he
and 214 may be formed fromthe | ower doped region 214. The active
gate 196 nHE lo@s ARG RasKaattdadavihgShadicale SE@mIIZP8ccaf od e sidsysMBd fih C
fin 206, overlapping both the upper doped region 212 and the | ower

doped regi g¢owe1db. THGoHHNNG e mlhht@ﬂamboat&soée@wl HORRE@ T FIhOMaBI G
ext endi ng bel ow the notch 216 between the | egs 212 and 214. The

passi ve gatlewll%zcnz@y6§&dqhé9&5@%%9&& fﬂa) Jn%g@fe@véf? FZ] betl.tf?o

asymretric fin 206. The passive gate 197 may overlap t tch
but not t h?h@%?ﬁaté’?ﬂfd region 112.
[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



[ 00034] I n operation, the transistor 204 may control a current flow ng
between the | egs 212 and 214. The current may be controlled in

accor dancewm2019/0a049d| t age VGA of the active gate 196. THOI/USAMYB54H6
vol tages VGA applied to the active gate 196 may fall into two
categories: those above a threshold voltage of the transistor 204 and
t hose bel ow the threshold vol tage. When VGA is above the threshold
voltage, electric fields emanating from3the active gate 196 may
establish a conductive channel in the | ower doped region 212,

ext endi ng bi&Swenrbetfhenddag shezh@lemobvtiehchdsn 681 Weiacemtfindbwe h§Gandtther
transistor 204 may turn on in response to a VGA that is less than the
threshol d vaetdcigel gated 393 gl 1RiStAy ben@baonidug tdfleet eMpsynghetaX higiue sach
generally vertically down one |eg, 212 or 214, generally horizontally

under the n@tghwliénchand, shaemagtﬁaﬁfea&ﬂsoi-svceﬁats&ic@gdta@ WaGle dighokdtrorOt her
|l eg 212 or 214. A difference in the voltages Vs and VD applied to the

l egs 212 ama%a%éiﬂ sTHRY oftthé ¥ rSy 6 B8 hel 221 QLI 1106 M{P&?Ad orPE £ BRles

current may Tlow in either direction, depenhding on the relative

val ues of %ﬁw@y&%ﬂ%ﬂﬂhgwgE%ﬂgggﬁggﬁfpe di sposed on the shorter side

208, but not the”longer si ch is positioned near the
passi ve gate 197. [00035] The passive gate 197 nay adjust the

t hreshol d e of i ' ' dhat istors
that turn oROREn ThoeREe bEREkeL gl ol WL SR Ewe Py S AIBLELS] 5
vol tage, the SS$4 V. ate 197 e at.a voltage, bel.ow the, threshold
Vol tage, e MBZE PRl haR o BF bt Bty PRUCHRER dhea
region 214. The electric field emanating fr t he ive gate 197
may reduce prhﬂ@%fhr%’é’g P‘dOt{}%lef]tﬂg’gqéaE%ﬁte hﬁ%“ﬁsct éoﬁélfag]% ig%fna fchis
believed to reduce G DL. For exanple, when the transistor 204 is
turned of f Subttentigly aligned gahanddisposed Hethaeaowdewitrenahys 4681 (El5otd) 20w,
and the active gate may be_ between about OV and about 100 nV. The

vol t age di fR¥r@Rder deeiieral b toprad thedinepysd 86 aBargovmssk\l 9§ mayedss,

[ 00036] The vol tage of the passive gate 197 nmay be held static when

t he transi geddnde sreeassadarivnm, 208 fgrmeditranundeselpprg phiptowsist.i i ekanple, the
menory devi ce coupled to the legs 212 or 214. The voltage of

subst ant i alrby nadsk 18§ mhhbe frassd wethgagtoeisivd Piot¢rEdish i.€2.4) restetythdy @ ardemsneetne d
to a common vol tage source that remains generally constant during
oper ati on aikpdsee td lighnsind e 8ce2€dd.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



16 [00037] I n other enbodinments, the transistor 204 may turn on in
response to the VGA dropping below the threshold voltage. In these
enbodi nent w0 20196383 rmay be positive, thereby el evati ngedings:2odenesiol d
vol t age when the transistor 204 is turned off and reducing G DL.

[ 00038] FI GS. 26-33 illustrate another enbodi nent of a process for
formng an array of transistors. As illustrated by FIG 26, the
process may include obtaining, e.g., maHufacturing or contracting
with a foundry to manufacture, a substrate 218 forned with the steps
descri bed abravieesusghAftef eramioe thepabsiveSatet-193. thd HO0BXRKADSE efaydotranovedg
the substrate 218, the process may include formng a row mask 220 on

t he substrade, RillBcormlsustibl tiSdthietapgropiyatEblocesd®. The row mask 220 may be
a hard mask or a soft mask formed with photolithography or other
|'i t hographi c techni ques. For instance, row mask 220 may be a mask

formed w t 080831 phot GliGIIsaPaaRks @n tRGEIIGHES a tSHEN0PE 4T ormed with the
si dewal | - spacer process, resist-retlow process, or a wet-etchundercut

process. Th@olOuksBEsdd paddsdTBheltfditee (MkEH I &IAPRIMARKIEL BoHadtnl
222 and exposed regions having a width 224. The masked w dth 222 nay

be about - Fio 02 A a0 1 | ans
e about equabmdQiR12088RS 2 IRE: e 202 A éF@gwg@Fmggzﬂ?ﬁi@%@ﬁai ﬁ@iﬁ@{;

and exposed regions may repedt wth a e patte

subst ant | &1 yeeor i AN AT o T 186 [0 (PR SalRiT5h Eflgmay

Subst ant | a1 15 i KO an Rer G52 FRir35 7 SRl LS Gaibearife fbaintar -

L ot her el et v, Ot NSk 220, ey, Ml © 51 0%, 0, S0 ™

segment ed. 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 Vgu of
the active gate 196. The range of voltages Vga 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 Vg, 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.



t.) WO 2010/ 030493PCT/ US2009/ 054646 17 [ 00040] Next, as illustrated by
FIG 27, row trenches 228 nmay be fornmed. The row trenches 228 may be
formed w tWOR0EB0483 ch or a dry etch that etches the eXXsgfEdo09/054646
materials at substantially simlar rates. The depth of the row
trenches 228 may be deeper than the intra-device trenches 152, and
not as deep as the colum isolation trenches 142. The etch may form
fin rows 230 that extend substantially #n the X-direction and rise
fromthe substrate 218 substantially in the Y-direction. [00041] After
f or mi ng t heThegesuitmgrrohdusti2@&aneel gaterdsdicetrally rérgci3Zownypnbeef202 wedi4, as
illustrated by FIG 28. The gate dielectric 232 may be forned with a
vari ety of geneakgbasoanty mdeerhealosh 24 6cindalsernt deaaellpastdallp éackalyotie
with reference to FIG 19. [00042] Next, a gate material 234 and a

protective diidrédd HL o2 364. B MifReerdco iRE vOlfage Vs S1tDBY] hplRd 2 &e 1688 212 and
illustrated by FI G 29, and passive gates 238 and active gates 240

may be for ruqd,m%%ﬂvh |alé§hél?ettﬁ6urk}VthEl:lﬁnn@loanthh@§1§1éﬁ@&§§ ﬂebvsn &idtbr anet236
and structures 238 and 240 may be formed with materials and processes

simlar to &ep%gdtﬁlstﬁé le@ﬁge %plgélseofwstalﬂdr\%t efh@@ﬁ:ﬁm%pm@ &ﬁhs]%gec?(% the

shorter side 208, but not the longer side 210, which is positioned near the passive gate

197.

[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.



[ 00043] After form ng the active gate 238 and the passive gate 240, an
active-gate mask 242 may be formed on the substrate 218, as

I 11 ustrat e¥O1I0AB@EI3 31. The active-gate mask 242 may beCa/asedow/osmask
or a hard mask fornmed with photolithography or other I|ithographic
techni ques. The active-gate nmask 242 may cover a portion or
substantially all of the active gates 238, while |eaving a portion or
substantially all of the passive gates /240 exposed. [00044] Next, the
passi ve gates 240 nay be recessed, as illustrated by FIG 32. The
passi ve gat(@803730 nayn bberadedmenhtaniheransigoy2(@tody fom @ netspetseho thiehe
top of the 18 passive gates 240 may be recessed bel ow t he upper
doped regi O¥issldrdpping bdlbwe theakeshodd galtags MAResgRMbbEmMERE SRS ¥, 8y Bav t he
top of the active gates 238 and subsequent processing, e.g., cleaning

steps, may gdositivEl@hicrEiBCasatihd te Mol oliadefheid e RRlsRWRDL isUPRed odaned
region 112. [00045]Finally, the active-gate mask 242 nmay be renoved,
as il lustratgdiddciDiG 33. The active-gate mask 242 may be renoved by
conmbusti on or ot’her processes.

[00038] FIGS. 26-33 illustrate another embodiment of a process for forming an
array of transistors. As illustrated by FIG. 26, the process may include obtaining, e.g.,
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
or less than F, 1/2 %, 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.



[ 00046] After renoving the active-gate mask 242, the substrate 218 nmay
include a plurality of transistors 244 that are simlar to the

transi st orwRQ410d868 i bed above with respect to FIGS. 24cans2e605i6ne
transistors 244 (FIG 33) and the transistors 204 (FIG 24) may have
di fferences. For instance, in this enbodi nent, each of the fin rows
230 may be oriented in generally the same direction, with active
gates 238 facing the passive gates 240 &n adj acent fin rows 230,
whil e the previous enbodi ment nmay include fin rows 186 (FIG 23)

ori ent ed i (00040 er entNexght Blunattéedigy FHIC: 8¢ trowmence® QRUALY be fip@edt Tien,

as with the previously described transistor 204 (FIG 25), the

passi ve gatrewdéficiiesP286jayidt fdrlied Withestlkth\voh tagactohatdi@iet haRgpEEOr S
244, and the active gate 238 nmay control current through the

transi st or spAédals dhebdedniamP ahflavQlds 298e AG¥h QQh@W§élﬁﬁest228rn$ﬂ'%Qiec er
G DL. [O0048] FIGS. 34 45 illustrate another exanple of a process for

formng an gy tﬂé{ iRfa-del RB $esdnes $52, é%dsﬂ[ldrt g%’ééeg%%@rﬁ cla}{ln{:rL Slatidh tlénl:,'%s 142

process may I ncl ude obtalnlng a su ke the one produced

abov_e WI th 'ﬂﬁ%t a Aé Iﬁgjé&/?‘%ﬁﬁhpt exl:elrlﬁnbsgant]iﬁl tl’l9 J(%?Lgéligcln n&use

obt ai ning t e process nay |

from the substrate 218 substantially in the Y-direction.

[00041] After forming the row trenches 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. 2(0-22.

[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



sacrificial body 248, as depicted by FrG 34. The sacrificial body
248 may include one or nore films with a conbi ned thickness between
about 550 Woanw/oabvsit 2450 A, e.g., the sacrificial bod®CT2A200mMy46le
an oxide filmw th a thickness of about 1500 A. In other enbodi nments,
other materials, such as a nitride film or thicknesses of materials
may function as the sacrificial body 248 in accordance with various
enbodi ments of the present technique thi# include a sacrificial body
248. [00050] Next, a row mask 250 nay be fornmed, as illustrated by
FIG 35. Thessiwgamad0259 beageeksed aeloartbk wmpskdaped aegiofl 112naistke pasived
wi th photolithography or other |ithographic techniques. For instance,
row mask 25Qte3ay0 bayde mastsed belowdhanop bf S ActplRehek DEHAG apsgGent

t echni ques, such as one or nore of those described above. The row
mask 250 MByodeBdingdde  makiad sfeﬁgmms}?mmvw&gssah Alile dhds RINDRHPAS 8fber
regi ons having a width 254, The masked width 2 may be about equal
to or |ess dBanehion12 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 nmay extend

subst anti al [bUOdliS{I F} ge F?Sﬂiaﬁ&( rtﬁ@&étﬂ'@-’gaé%fé ggﬁ hr’-rlggbé/ re‘ﬁ{otvg&),gg 'ﬂﬂfstr{it?c}i/ BpﬁIG

dielectric 146 . ’The row nmask be substanti a

traight, ' i f i . ]
Gener ol 1y par o arrvee oo ey B Ahhp cambn B0 o€ o @Biesy.

undul ate side-to-side, may undul ate up-and-down, may vary in w dths
252 and 25 d Lyes trench
255 may be PPl o ATRERTRILR o R R o, MR GOl RN

258 may be etched.fromth bstrate 246.with, f xanpl an .
ani sot 1 opt SuRSf LPH® 542 PACkE Bl inbisihiror e BrEMedip vt n,
the passive-gate es,2p8 / be gener y,,(ectangul ar or
t r apezoi dall‘?s%ﬁ\‘fttt%}:f‘fgé]‘&gélpglig,t EEGB %%{ggfq%%fﬁ%a(ﬁé %&aﬁigﬁgﬁ@?tﬁﬁgo‘h@@' a
cross-section with sone ot her shape. |In one enbodi nent, the
passi ve- gat?d) Pasheredifforcesy fornjastance g this prahodiment; ¢ach af de fingews 2¥hch
152 and shal | ower than the colum isolation trenches 142 (FIG 11).
The si dewalmay bsroricpied pagaievady g same dpetivas with gctive igaep abkhagia s gl Hassive
260, which may each forma first wall or side of a
subsequent Igptet Grenladjpgent rOEOEZPAS vhile the previegs ¢rheodines inve-igdude fin rows
trenches 258, a passive-gate dielectric 262

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,



may be formed, as illustrated by FIG 37. *The passive-gate dielectric
262 may be fornmed with a variety of processes and dielectric

mat eri al s, WOUR8H/0A%93 hose descri bed above with ref er encePAQTHURINFO54696

[ 00053] Next, passive gates 264 nay 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 matefial, such as a p-plus doped
pol ysilicon, conductive netals, or other approprlate wor k function
material, f8P049%anpl e\ftelrh}efa@mdhmubv@tmfetheailoqwnblemdblpe&lm aand,
t hen, etched back, thereby recessing the conductive material bel ow
the surfac esaotiﬁcméoeub@&, nadapi2etbbyalfi€l. 8#heThacriifi¢ciditely BORIyap 481udf bae
passi ve gates 264 nay be recessed bel ow t he upper doped region 112,
such that tdrenpafibnseitigatasbidédithikasss apwehealoansso Alapesboued o kld,
but not the upper doped region 112. For exanple, the passive gates

264 may be theqrEf6E Wddi2a8 aiAg Be 20 6xiBe MW MiPRREs SRAPEEL 15601A0Mn ks
that is greater than or equal to about 100 A, 200 A, or 500 A

[ 00054] NextomtRtRtRES bitier htegﬁs %@& BhibRe Fah rm%laaﬁyses t,maea§1§ 4§
gates 264, as depi cfed by FIG . The protective pl ugs 268 may

i nclude si |ﬂ1f&f3n'ﬁ§ Iels8Gi A 195@@48 1%31({_%9 9@&1@%@%@&% nta-gEaCk

protective plugs 268 nay osite

unti | they %gnggﬁﬁg% t%ﬁﬁﬁﬁﬁgr mxﬁﬂal@ Qﬁ%essed belom1 the surface

of the sacrificia ve plugs 268 may act as a
reference structure for form ng self allgned fins on either side of

Lhe prot ectigpl ugs 208, LOROSOLAbTod ALALIG: ANS-RIALSRC 48 BhZS

268, the s crl C|al ody

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 formied, 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



removed, as illustrated by FIG 40. The sacrificial body 248 may be
removed with a wet or dry etch that is selective to the sacrificial
body 248. WP 20H{80483% age, the protective plugs 268 nmay HCAIYSALN/ a5y e
the surface of the substrate 246. [00056] Subsequently, fin-mask
spacers 270 nmay be created, as depicted by FIG 41. The fin-mask
spacers 270 may include oxide or other appropriate materials of a

t hi ckness selected to generally deterniffe a wi dth of
subsequently-forned fins. To shape the fin-nmask spacers 270, their
conmponent s tFRAERasinAY hare dpioss-seglian Yridly sasee etheifsbaneallh gnekmphesiment, thyer

the protective plugs 268 and spacer etched back with, for exanple, an
ani sot r opi rastivhgatedrenshest 398 neqydealcerst ¢ap thehiptravideitite tofnch hE2 dridrshaticstker
spacers 270 nay generally determne the fin wi dth. [00057] Next, using
t he fi n- magkarsthacensn2sohtias tranchet 1422(FIGNH(. The ddevedik of the phsstre-ggat e
trenches 272 may be anisotropically etched or otherw se forned, as
depi ct ed byrentKes 258 Pormjassi eCk ilk@60adEich P eRdForT 2 fifwal or §ie¢ sld

non-concurrently with the passive-gate trenches 258 (FIG 36), e.g.,
after the Q@ss%hy@lﬂgqgmearfgpches 258 and, in sone enbodinents, after
t he passive gate 250. [00058] Active-gate trenches 272 may extend in
the X-direction, substantially parallel to, and interposed between,
the passivaoges tren¢RefrAmd thdi0akidd-chEashchR@s4d bhMive-gate dielectric 262
may be formed, as illustrated by FIG. 37. The passive-gate dielectric 262 may be formed
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



22 filled with the conductive nmaterial to create passive gates 264).
The sidewalIs of the active-gate trenches 272 may form active walls
278 of theWPi2pW/REE3 The active-gate trenches 272 may RETHS05468@N
t he passive-gate trenches 258 (FIG 36), as deep as the passive-gate
trenches 258, or |ess deep than the passive-gate trenches 258.

[ 00059] The fin-mask spacers 270 may facilitate the formation of fins
274 with a fin width 276 smaller than tHe resolution linmt of the
equi pnent used to pattern other features on the substrate 246. For

i nst ance, taperopiiptewiagirials2 Ade peoyeciize plvas P& mahbendephsted @sdetahddom polishied
of a 193 nanoneter |ithography process or a 157 nanoneter |ithography
process, eitablenntdftheyure fenomily pholiudieh, iomeeessedeldw tthognfaphyf the eqedficinl
doubl e patterning. The fin width 276 may be | ess than 900 A, 800 A,
700 A, 600 vady 308) The pto@ctiie phixd 268 mdfActhrs a28@reAce ANGtuA; foll Edmbhg self- 100
A, for instance. [00060] During manufacturing, the passive gates 264
may nmechanigighddyfifsWpRAhér siRef ilefotddtte fﬁ% 2gxanmple, in some

enbodi nents, strain within the fins 274 during novement and/ or
imrersion in liquids may be limted due to the passive gates 264

const r ai ni goeEsy e MeniarRf fokhtefthdSroRétive p‘h’i’os@%etﬁélkécuﬁyﬁfﬁ/od&hﬂgma’tg'bgh
aspect ratio fins 274 may be manuf act ured i n sone enbodi mént s

i nst anc e, t
hei ght 280 ltggoﬁaﬁgﬁhé&%d%gqm & TeHeS;r§ crftfdal bby a%‘*gz%m%gl?ﬁ’b‘{%‘p‘x“ﬁ g Wet

tsgo l]jl d 9 bteo no(])‘ Fgﬁeté}ﬁthgn’ is Zﬁléc?i\!% g)t tg% IEI 1‘1?1(:1an(; 2418 ﬁ. h?s aoeotﬁle §{0§¥né'e Pllugs

owever e presen t'ec que 9%

to enbodlngﬁés “‘Eﬁﬂﬁgﬁﬁmmﬁh$ﬂnf %Pgﬁ“%% mhere the fins 274 are

supported, ratio fins. 23
[ 00061] Furt her, because the fin- nask spacers 270 may be fornmed on the

si des of [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. 30), 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



the protective plugs 268, the fin-nmask spacers 270*may be
self-aligned with the passive gates 264. In other enbodi ments, other
sel f al i gn¥@209{8048hot ol i t hogr aphi c, direct patterni ng,PGIYUSAPRLEA66

al i gnnent techni ques nmay be enpl oyed in accordance with enbodi nents
of the present technique. [00062] The fins 274 may have a general ly
uni form cross-section, such as a generally rectangul ar cross-section,
a general |y trapezoidal cross-section, @8r other cross-sectional
shape, extending along at |east a substantial portion their length in
t he y- di r edilledmwithgthgcondueiivgumptierwh e, crearppassiveg gaten6dpoTee sidearsdls of be

| engths. OF course, in sonme enbodinents, the fin cross-section may
vary al ong &he-faageichef 22heay florm iactivehvenlly 288 petbe fion274-Pheiantteaguee,
the fin width 276 may vary or the fin height 280 may vary. The fin

wi dth 276 nmyiclize 202 ney &k dyepenihho hphsii e tedrahiche Q58 OFIG. 96), hdhdech afithe
wi dth 276 may narrow or expand along the fin height 280. In sone

enbodi ment sasditegACiréntBeV 8] 0rd6sd degihRags pyRivealate tZoBhdsB5S  38) may

generally slope or curve toward or 'away from each other (i.e., the
fin wwdth 276 nmay taper) along the fin height 280, in the

Z-di rect i oroods99063] e tin-ndRk asdce¥ 07071 rAiRAE le/fbfmABA B DA figd £ed
in the active trenches 260, as depicted by FIG 43. The active-gate

di el ectri ¢ Z8gidtRY76aealief RHmWdsBiudoy ﬁfn.it%f‘fﬂ'le%fqui HREEREER }?Aﬂgm other
dielectric materials, such as those descri bed ‘above wth reference to

FIG 19. [Q‘Qﬂg%le @l¥ Iehu ds‘ﬁ%f@ﬁ@ F&%nﬁgﬁc'e,\étﬁ%gﬁéﬁﬁgbZéﬁﬁ%rbk gmgl?e% ’tha?[%é ve

gates 284 may orned, as I1llustrate he active gates

284 may be f b %?h et _de o_i%in a _conduct i mat eri al,, such

as 1t ani urir e e PR TSR doshhng pFERRAT 137 bRl Buno Ry
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 f\, 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 20to 1, 15to 1,
10to1,9t01,8to1,7t01,6tc1,5to1,4to1,or3tol. 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.



24 conductive material, and spacer etching the material to formthe
active gates 284. The active gates nmay be di sposed next to the active
wal | s 278 YVPI200/03%#P3 and nay extend substantial |y par al IREIT/§S3000/4&4684 ns
274 (FIG 42), in the X-direction. In other enbodi nents, the active
gates 284 may be formed with the steps descri bed above with respect
to FIGS. 20-22. [00065] Next, the protective plugs 268 and the
fin-mask spacers 270 (FIG 41) may be r@noved to expose an array of
transistors 286, as illustrated by FIG 45. The protective plug 268
and fin- mradR0&ddcer s FaFlerntepause thedimomesk spidels 270 radyche fotvatd dnsthe sides of
selective to these materials, with CVWP, or with other processes. Two
t ransi st or sh@pGteatie i gisSetie fin-eak hped@ 70 inaly e sglhskined wdhttRsSpaRGde
and the passive gates 264 extend between rows of transistors 286. The
transi st or sza@86@64El diker ep@bdinRets] dthér sl Ai@led SdubiphatolitheglaplEc tdirBiSi st or
204 described above with respect to FIG 25. The current flow through

the transi slaE®ingS& difect diicHSbAat@diqhys @k @Jérﬁ)[ylfo &n h&EBhEdVRY a
cutaway portion of the active gate 284. Simlarly, the passive gate

264 may be &{@gﬁ%&&@%ﬁ@&ﬁ@ﬁnﬁ reshold voltage of the transistors
286 and reduce G DL, as descri above. [00066]In sone enbodi nents,

the transistor 286 (or the previously-described transistors 204 or

244) may begpimef to Q’ﬁ@ﬁﬁ&ﬁ lﬁ@pﬁzﬁhtaqlémelfﬁ}:)r Jn%hh@ﬂasg?écﬁon %c}P:Isfler

vol atile or non-vol ati | e nenor exanp a digit I'ine

gg%ngg?nfgtgg%%fdﬁg ct{aﬁ%lﬁfm&st}%cétiroﬁnasée?l&% %?ﬁezoﬁgldr%gsé%ga% ' 51 otl%el 2ross-

or vice rsa i nen

gate 284na ion_as rd lLine. 0 ati.on
anbod ment HelpT ?s Tt i By BEH AP et o
286. For in tance active gare 284 may be (_:onnectsfi to a voltage
source and GREN: ot o O ? GEUPel’s 8 ‘é’o'seéi{i"é‘é“‘tﬁhlﬁ“"ta? crsgeinsgme
AIternatlveI%'O the transistor 286 may be enployed 25 in sone other
type of el && ehmeétSd@mﬁ@élOSF:é?ct@%M|Vély tlong the kengihof dhe fipin t%xrdﬁ%ctwn-
enpl oyed in a mcroprocessor, a digital signal processor,
pr ogr ammablFer insienesy thedin width 16 may wasppi thefin Hei ghipdindycvar )ntE‘@rfat width
circuit, to name but a few

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.

[00064] 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



[ 00067] Whil e the invention may be susceptible to various®

nodi fications and alternative forns, specific enbodi nents have been
shown by WA 2810/8%8%pl e in the drawi ngs and have been REFVS2H0Q546#k6
detail herein. However, it should be understood that the invention is
not intended to be limted to the particular fonts disclosed. Rather,
the invention is to cover all nodifications, equivalents, and
alternatives falling within the spirit #nd scope of the invention as
defined by the follow ng appended clains. 26 CLAI M5 A device,

conpri si ng:coaduqtixg siateriak artbippedr siching the mataridde famdhapative gates 284. The

active gates may be disposed next to the active walls 278 (FIG. 42) and may extend
substantially parallel to the fins 274 (FIG. 42), in the X-direction. In other embodiments,
the active gates 284 may be formed with the steps described above with respect to FIGS.

20-22.

[00065] Next, the protective plugs 268 and the fin-mask spacers 270 (FIG. 41)
may be removed to expose an array of transistors 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



a channel region extending between and bel ow t he source and*the
drain, wherein the source and the drain are disposed vertically above
t he channeWO 2010/03049% gat e di sposed near the channel red@SBMWIQ54GiHG St
generally vertical sidewall of the transistor; and a conductive
menber di sposed on a second generally vertical sidewall of the
transi stor opposite of the channel region fromthe gate, wherein the
conductive menber does not overlap the ¥ource, the drain, or both the
source and the drain, wherein the top of the conductive nenber is
bel ow t he sagewecthattyphel egcaionic devicahEorgaunple, the rarisisian286 mapdeei n t he
conductive nmenber does not overlap either the source or the drain.
3. The deviamplafedeh aimaréprovdyenred digttd sigrelnoatiov.e pregrommable meswdrat ed
fromthe channel by a dielectric. 4. The device of claim1l, wherein
t he transi sdeoiceconpapestiomspbtifis intdeged tisduftgtogamenat 4 fewertical |y
froma substrate; and a second leg rising generally vertically from
t he substrate.

[00067] While the invention may be susceptible to various modifications and

altemative 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 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.



5. The device of claim4, 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. 27 6. The device of claiml,
wherein the conductive nmenber and the gate are shared by a row of

transi stors.

7. The device of claim6, wherein the conductive nenber

I's coupled to other conductive nenbers shared by other rows of

transi stors.

8. The device of claim@¢ wherein the gate is not

coupl ed to gates shared by other rows of transistors.

2,

CLAIMS

A device, comprising:
a transistor comprising:

a source;

a drain;

a channel region extending between and below the source and the drain,
wherein the source and the drain are disposed vertically above the channel;

a gate disposed near the channel region on a first generally vertical
sidewall of the transistor; and

a conductive member disposed on a second generally vertical sidewall of
the transistor 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,

wherein the top of the conductive member is below the source and the drain.

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 conductive member is isolated from the

channel by a dielectric.

5.

The device of claim 1, wherein the transistor comprises:
a first leg rising generally vertically from a substrate; and

a second leg rising generally vertically from the substrate.

The device of claim 4, 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,



27

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

a row of transistors.

7. The device of claim 6, wherein the conductive member is coupled to other

conductive members shared by other rows of transistors.

8. The device of claim 6, wherein the gate is not coupled to gates shared by other

rows of transistors.



