wo 2010/030493 A2 [ 10K O YOO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
18 March 2010 (18.03.2010)

(10) International Publication Number

WO 2010/030493 A2

(51

eay)

(22)

(25)
(26)
(30)

1

(72)
(73)

74

31

International Patent Classification:
HOI1L 21/336 (2006.01)

International Application Number:
PCT/US2009/054646

International Filing Date:
21 August 2009 (21.08.2009)

Filing Language: English
Publication Language: English
Priority Data:

12/210,305 15 September 2008 (15.09.2008) US

Applicant (for all designated States except US): MI-
CRON TECHNOLOGY, INC. [US/US]; 8000 S. Feder-
al Way, Boise, Idaho 83707-0006 (US).

Inventor; and

Inventor/Applicant (for US only): JUENGLING, Wern-
er [US/US]; 5660 South Tecoma Place, Boise, Idaho
83716 (US).

Agents: FLETCHER, Michael G. et al.; Fletcher Yoder
PC, 7915 FM 1960 West, Suite 330, Houston, Texas
77070 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

84)

CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EF, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FIL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant'’s entitlement to apply for and be granted
a patent (Rule 4.17(ii))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: TRANSISTOR WITH A PASSIVE GATE AND METHODS OF FABRICATING THE SAME

/204

214

FIG. 25

(57) Abstract: Disclosed is a device having a transistor (204, 244, 286) that includes a source, a drain, a channel region extending
between the source and the drain, a gate (196, 238, 284) disposed near the channel region, and a conductive member (197, 240,
264) disposed opposite of the channel region from the gate (196, 238, 284). The conductive member (197, 240, 264) may not
overlap the source, the drain, or both the source and the drain.



WO 2010/030493 PCT/US2009/054646

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
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carriers to flow between the drain and the substrate on which the transistor is formed, a

phenomenon referred to as “gate-induced drain leakage” (GIDL).

BRIEF DESCRIPTION OF DRAWINGS

[0004] FIGS. 1-25 illustrate an example of a process for forming an array of

transistors in accordance with an embodiment of the present technique;

[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.
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[0008] The substrate 110 may include an upper doped region 112 and a lower
doped region 114. The depth of the upper doped region 112 may be generally uniform
over a substantial area of the substrate 110, and the upper doped region 112 may be
doped differently from the lower doped region 114. For example, the upper-doped
region 112 may include an n+ material and the lower-doped region 114 may include a p-

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
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be formed with CVD, a spun-on-dielectric process, or other processes. Finally, an upper
masking body 124 may be formed on the lower masking body 122. The upper masking
body 124 may be made of carbon or other materials formed with CVD or other processes,
and it may have a thickness between about 1000 A and about 3000 A, e.g., about 2000 A

may be useful.

[00010] Next, a column mask 126 may be formed, as illustrated by FIG. 3. (The
term “column” does not refer to any particular horizontal direction on the substrate 110
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
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upper masking body 124 and the portion of the lower masking body 122 that are
disposed under the region not covered by the column mask 126. In some embodiments,

the etch may stop on or in the sacrificial body 120.

[00012] Next, the column mask 126 may be removed, and the column spacers 136
may be formed on the sidewalls of the column hard mask 134, as illustrated by FIG. 5.
The column spacers 136 may be formed by depositing a generally conformal film (e.g., a
film that is of generally uniform thickness on both vertical 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.
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[00014] After forming the column isolation trenches 142, they may be filled
partially or entirely with a dielectric 146, as illustrated by FIG. 7. The dielectric 146
may be made of a variety of materials, such as an oxide, and it may be lined with a
variety of liner films (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 underlying materials during downstream processing. As will be
appreciated, the liner may be disposed or grown by any conventional techniques. The
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
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if the etch removes that material without removing a substantial amount of other types of
material exposed on the substrate. After removing the sacrificial body 120, generally

vertical projections 148 formed by the dielectric 146 may extend from the substrate 110.

[00017] Next, a second column spacer 150 may be formed on the sidewalls of the
generally vertical projections 148 of dielectric 146, as illustrated by FIG. 10. As with the
previously-described column spacers 136, the second column spacers 150 may be
formed by depositing a generally conformal film on the substrate 110 and anisotropically
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,3/4 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.



WO 2010/030493 PCT/US2009/054646

8
[00019] Next, a dielectric 156 may be formed, as illustrated by FIG. 12. The
dielectric 156 may be formed with a thickness that produces an overburden 158,
increasing the likelihood that the intra-device trenches 152 are filled. For example, the
dielectric 156 may have a thickness less 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-ethyl-
ortho silane (TEOS), e.g., with CVD TEOS, or other appropriate dielectric materials.
The dielectric 156 may be densified after being formed by heating the substrate 110 to

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, e.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.
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The amorphous carbon may be formed with a thickness less than about 3000 A e g.a
thickness less than or equal to about 2000 A. The row mask 160 may define masked
regions having a width 162 and exposed regions having a width 164. The masked width
162 may be larger than the exposed width 164, for example, more than about F, 3/4 F, or
172 F larger. In some embodiments, the row mask 160 may be formed with a sub-
photolithographic process, e.g., a sidewall-spacer process, a resist-reflow process, a wet-
etch undercut process, or other line-width thinning process. The row mask 160 may
define a pattern of lines with a pitch 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
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mask formed with photolithography or other lithographic techniques. The row mask 172
may define an exposed width 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 may be disposed partially or substantially entirely over the shallow row
trenches 168 (FIG. 15), extending into and overlapping the shallow row trenches 168
(FIG. 15). The row mask 172 may extend substantially parallel to the row mask 160
(FIG. 14) in the X-direction and may be of substantially uniform width. In other
embodiments, the row mask 172 may undulate side-to-side, up and down, 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
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trenches 180. The deep row trenches 180 may be deeper than the shallow row trenches
168 by a depth 184 that is greater than or equal to about 100 A, 400 A, or 800 A. The
shallow row trenches 168 and the deep row trenches 180 may define fin rows 186 that
rise substantially vertically from the substrate 110 in the Z-direction and extend

substantially horizontally in the X-direction.

[00026] A gate dielectric 188 may be formed in the row trenches 168 and 180, as
illustrated by FIG. 19. The gate dielectric 188 may be deposited, 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.
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[00028] The protective material 192 may be anisotropically etched, as illustrated
by FIG. 21, to form sidewall spacers. The protective material 192 may be etched with a
dry etch that is generally selective to the protective material 192. After etching, the
portion of the gate material 190 disposed on horizontal surfaces may be exposed. For
instance, the gate material 190 disposed near both the top of the fin rows 186 and the
bottom of the shallow row trenches 168 and the deep row trenches 180 may be exposed.
In other embodiments, a portion or substantially all of the protective material 192 near

the bottom of the deep row trenches 180 remains on the substrate 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
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196 may be formed in the shallow row trenches 168. Adjacent fin rows 186 and their
associated gates 196 and 194 may be substantially reflectively symmetric about each
deep row trench 180, such that the precursors to passive gates 194 are disposed on
adjacent sides of the fin rows 186 and the active gates 196 are disposed on the far sides

of the adjacent fin rows 186, or vise versa.

[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 mask or a hard 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
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trenches 152. After recessing the passive gates 197, the row mask 198 may be removed,

e.g., with combustion or other appropriate processes.

[00033] FIG. 25 illustrates an embodiment of a transistor 204 formed with the
above-described process. The transistor 204 may include an asymmetric fin 206 having
a shorter side 208 and a longer side 210. A plurality of asymmetric fins 206 may be part
of each of the previously described fin rows 186 (FIG. 18). The asymmetric fin 206 may
include a pair of legs 212 and 214 separated by a notch 216, corresponding to the intra-
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 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 Vga 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.
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The resulting conductive channel extends generally vertically down one leg 212 or 214,
generally horizontally under the notch 216, and then generally vertically back up the
other leg 212 or 214. A difference in the voltages Vs and Vp 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 relative values of Vg and Vp. The channel may be disposed on 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 OV, and the active gate
may be between about OV 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.



WO 2010/030493 PCT/US2009/054646

16
[00037] In other embodiments, the transistor 204 may turn on in response to the
Via dropping below the threshold voltage. In these embodiments, the Vgp may be
positive, thereby elevating the threshold voltage when the transistor 204 is turned off and

reducing GIDL.

[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
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.
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[00040] Next, as illustrated by FIG. 27, row trenches 228 may be formed. The
row trenches 228 may be formed with a wet etch or a dry etch that etches the exposed
materials at substantially similar rates. The depth of the row trenches 228 may be deeper
than the intra-device trenches 152, and not as deep as the column isolation trenches 142.
The etch may form fin rows 230 that extend substantially in the X-direction and rise

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. 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
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passive gates 240 may be recessed below the upper doped region 112, or the passive
gates 240 may be recessed below the top of the active gates 238 and subsequent
processing, e.g., cleaning steps, may further recess the passive gates 240 below the upper

doped region 112.

[00045] Finally, the active-gate mask 242 may be removed, as illustrated by FIG.

33. The active-gate mask 242 may be removed by combustion or other processes.

[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.
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[00049] After obtaining the substrate 246, the process may include forming a
sacrificial body 248, as depicted by FIG. 34. The sacrificial body 248 may include one
or more films with a combined thickness between about 550 A and about 2450 A, e.g.,
the sacrificial body 248 may be an oxide film with a thickness of about 1500 A. In other
embodiments, other materials, such as a nitride film, or thicknesses of materials may
function as the sacrificial body 248 in accordance with various embodiments of the

present technique that include a 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. §). 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
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trenches may have a cross-section with some other shape. In one embodiment, the
passive-gate trenches 258 may be deeper than the intra-device trench 152 and shallower
than the column isolation trenches 142 (FIG. 11). The sidewalls of the passive-gate
trenches 258 form passive walls 260, which may each form a first wall or side of a

subsequently-formed fin.

[00052] After forming the passive-gate trenches 258, a passive-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
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appropriate materials. The protective plugs 268 may be deposited and etched or polished
back until they are generally planar with, or recessed below, the surface of the sacrificial
body 248. The protective plugs 268 may act as a reference structure for forming self-

aligned fins on either side of the protective plugs 268.

[00055] After forming the protective plugs 268, the sacrificial body 248 may be
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. At 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
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filled with the conductive material to create passive gates 264). The sidewalls of the
active-gate trenches 272 may form active walls 278 of the fins 274. The active-gate
trenches 272 may be deeper than the passive-gate trenches 258 (FIG. 36), as deep as the

passive-gate trenches 258, or less 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 limit of the equipment used to pattern other
features on the substrate 246. For instance, the fin width 276 may 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, 15to 1,
10to1,9t01,8to1,7to1,6to1,5to1,4to 1, or3to 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.
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[00061] Further, because the fin-mask spacers 270 may be formed on the sides of
the protective plugs 268, the fin-mask spacers 270 may be self-aligned with the passive
gates 264. In other embodiments, other self aligned, sub-photolithographic, direct
patterning, or direct alignment techniques may be employed in accordance with

embodiments of the present technique.

[00062] The fins 274 may have a generally uniform cross-section, such as a
generally rectangular cross-section, a generally trapezoidal cross-section, or other cross-
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
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conductive material, and spacer etching the material to form the active 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
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in some other type of electronic device. For example, the transistor 286 may be
employed in a microprocessor, a digital signal processor, a programmable memory

device, or an application specific integrated circuit, to name but a few.

[00067] While the invention may be susceptible to various modifications and
alternative forms, specific embodiments have been shown by way of example in the
drawings and have been described in detail herein. However, it should be understood
that the invention is not intended to be limited to the particular forms disclosed. Rather,
the invention is to cover all modifications, equivalents, and alternatives falling within the

spirit and scope of the invention as defined by the following appended claims.
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CLAIMS

1. A device, comprising:
a transistor comprising:
a source;
a drain;
a channel region extending 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.
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6. 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.

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 8, 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.
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12. The method of claim 11, wherein forming the member comprises forming a fin.
13.  The method of claim 12, wherein forming the fin comprises forming a pair of
legs.
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.
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19. The method of claim 11, wherein a first side of the member is formed before a
second side of the member.
20. The method of claim 19, wherein the passive gate is formed near the first side 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.
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25. The device of claim 22, wherein the rows of transistors in the plurality of rows of

transistors are reflectively 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 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.
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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.
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