wo 20187057141 A1 | 0000 OO0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
29 March 2018 (29.03.2018)

(10) International Publication Number

WO 2018/057141 A1

WIPO I PCT

(5D

2D

22)

(25)
(26)
(30$)

an

a2

International Patent Classification:
HOIL 29/66 (2006.01) HO11 21/84 (2006.01)
HOIL 21/308 (2006.01)

International Application Number:
PCT/US2017/045966

International Filing Date:
08 August 2017 (08.08.2017)

Filing Language: English
Publication Language: English
Priority Data:

15/271,043 20 September 2016 (20.09.2016) US

Applicant: QUALCOMM INCORPORATED [US/US];
ATTN: International IP Administration, 5775 Morehouse
Drive, San Diego, CA 92121-1714 (US).

Inventors: SONG, Stanley; 5775 Morehouse Drive, San
Diego, California 92121-1714 (US). XU, Jeffrey;, 5775
Morehouse Drive, San Diego, California 92121-1714 (US).
YANG, Da; 5775 Morehouse Drive, San Diego, Califor-
nia 92121-1714 (US). RIM, Kern; 5775 Morehouse Drive,

74

62y

(84)

San Diego, California 92121-1714 (US). YEAP, Choh Fei;
5775 Morehouse Drive, San Diego, CA 92121-1714 (US).

Agent: EDWARDS, Gary J. et al; HAYNES and
BOONE, LLP, 2323 Victory Avenue, Suite 700, Dallas,
Texas 75219 (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, BN, BR, BW, BY, BZ,
CA,CH,CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, 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, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,

(54) Title: NOVEL SELF-ALIGNED QUADRUPLE PATTERNING PROCESS FOR FIN PITCH BELOW 20NM

300

304-1

302-1

P2

304-2 P2/2

304-3
N

302-2

P2/4
/4§

—307-5

|
T 3085
DI T 3086

LA L LT, 308-7
77{777777777}7//? 308-8

——307-8

Figure 3

(57) Abstract: A method of producing a FInFET device with fin pitch of less than 20 nm is presented. In accordance with some
embodiments, fins are deposited on sidewall spacers, which themselves are deposited on mandrels. The mandrels can be formed by
lithographic processes while the fins and sidewall spacers formed by deposition technologies.

[Continued on next page]



WO 2018/057141 AT {0000 00O 000

EE, ES, FL, FR, GB, GR, HR, HU, IF, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
KM, 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(i1))

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

Published:

—  with international search report (Art. 21(3))



WO 2018/057141 PCT/US2017/045966

NOVEL SELF-ALIGNED QUADRUPLE PATTERNING

PROCESS FOR FIN PITCH BELOW 20nm

CROSS REFERENCE TO RELATED APPLICATIONS
[0001]  This application claims priority to U.S. Application No. 15/271,043 filed September

20, 2016, the content of which is incorporated herein by reference in its entirety for all purposes.

TECHNICAL FIELD
[0002] This application relates to production of FinFET structures with pitch below twenty

(20) nanometers (nm).

BACKGROUND
[0003] Fin-type field-effect transistors (FinFETs) are increasingly being used to effectively

scale integrated circuits. FinFETs, which have a vertical fin structure that function as channels,
occupy less horizontal space on the semiconductor substrate and can be formed in logic areas

and in memory areas through general semiconductor patterning processes.

[0004] However, the continued pressure to further scale integrated circuits has generated a
demand for processes for forming smaller and smaller fin structures. The limits of optical
resolution in current lithographic processes do not allow for the formation of structures having
features small enough for further scaling of integrated circuits. As the demand for feature sizes
of these devices continues to get smaller, there is a need to develop new processes for achieving

the target sizes.

SUMMARY

[0005] In accordance with some embodiments, a method of forming fins of a two-fin FinFET
device includes forming mandrels with a lithographic etch process; forming sidewall spacers on
the mandrels; and forming fins on the sidewall spacers, wherein the two-fin FinFET device is

formed on each of the sidewall spacers.

[0006] A method of forming a multi-fin device, can include forming one or more mandrels

with a first pitch and a first width; forming sidewall spacers on each side of the one or more
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mandrels, the sidewall spacers each having a second width; and forming fins on sides of the

sidewall spacers, wherein the fins have a pitch of less than 20nm.
[0007] These and other embodiments are more fully discussed below with respect to the

following figures.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] Figure 1A shows a planar view of a multi-fin FinFET device.

[0009] Figure 1B shows a cross-sectional view of a multi-fin FinFET device.
[0010]  Figure 2 illustrates an example process for producing a FinFET device.
[0011]  Figure 3 illustrates another example process for producing a FinFET device.

[0012]  Figure 4 illustrates an example process according to some embodiments of the present

invention for producing a FinFET device.

[0013]  Figure 5 illustrates another example process according to some embodiments of the

present invention for producing a FinFET device.

[0014] Embodiments of the present disclosure and their advantages are best understood by
referring to the detailed description that follows. It should be appreciated that like reference

numerals are used to identify like elements illustrated in one or more of the figures.

DETAILED DESCRIPTION

[0015] In the following description, specific details are set forth describing some

embodiments. It will be apparent, however, to one skilled in the art that some embodiments may
be practiced without some or all of these specific details. The specific embodiments disclosed
herein are meant to be illustrative but not limiting. One skilled in the art may realize other
elements that, although not specifically described here, are within the scope and the spirit of this

disclosure.

[0016]  This description and the accompanying drawings that illustrate inventive aspects and
embodiments should not be taken as limiting--the claims define the protected invention. Various

changes may be made without departing from the spirit and scope of this description and the
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claims. In some instances, well-known structures and techniques have not been shown or

described in detail in order not to obscure the disclosure.

[0017]  Figures 1A and 1B illustrate a FinFET structure 100. As shown in the planar view of
Figure 1A, FinFET structure 100 includes one or more parallel fins 104-1 through 104-N formed
on a substrate 102. A gate structure 106 is deposited over fins 104-1 through 104-N. Modern
structures may include two or more fins 104 that are uniformly separated by a pitch P. The
FinFET devices can be nMOS or pMOS devices, depending on the formation of fins 104-1
through 104-N. Figure 1B illustrates a cross-sectional view of structure 100 illustrated in Figure
1A. The pitch P is defined by the space between two fins and the width of the fin, as shown in
Figure 1A.

[0018]  Although FinFET structure 100 illustrated in Figures 1A and 1B have increased the
device density immensely, increasing the device density further leads to a need for small feature
sizes and smaller pitches for the FinFET structures that are used. However, the technology has
exceeded the limits of current lithographic technologies to produce FinFET structures with
higher pitches. In particular, scaling the fin pitch to below 20 nm is desirable to scale logic cell

height and thus overall chip sizes.

[0019] Modern lithography is wavelength limited in the production of devices with small
features. Currently, 193nm lithography is limited to feature sizes of about 80nm. In other
words, 193 nm lithographic processes can produce features with a minimum pitch, defined by the
minimum feature width plus the minimum feature spacing, of about 80 nm using a single
lithographic exposure and etch process. In order to obtain smaller pitch sizes, multiple
patterning lithography (MPL) has been developed. Two forms of MPL have been attempted, one
using repeated lithographic processes (litho-etch-litho-etch or LELE) techniques and another
based on self-aligned spacer processing. In the production of fins for FinFET structures, the self-
aligned spacer processing is favored. However, attaining smaller than 20nm pitches has proven

difficult due to the process limitations.

[0020]  Self-aligned spacer processing is often referred to as self-aligned double processing
(SADP). In SADP, a group of mandrels are formed lithographically by patterning and etching a

mandrel material. Sidewall spacers can then be formed on the sidewalls of the mandrels. The
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formation of sidewall spacers can be accomplished by depositing material over the mandrel
material, removing the deposited material on the horizontal surfaces, and removing the mandrel
material leaving the sidewall spacers. Deposition of sidewall spacers can result in spacer widths
that are much smaller than those available with lithographic formation of the mandrels. The
sidewall spacers and mandrels can then be polished to expose the mandrels and the spacers used

as an etch mask for removal of the remaining mandrel materials.

[0021] Consequently, the SADP process involves forming a spacer as a film layer on the
sidewall of the pre-patterned mandrels, removing the spacer layer from the horizontal surfaces,
and removing the originally patterned mandrel material leaving the spacers themselves. Since
there are two side-wall spacers for every mandrel, the line density has now doubled.
Consequently, SADP is applicable for defining narrow gates at half the original lighographic
pitch. This spacer approach can, theoretically, be repeated to successively half the pitch between
spacers. For example, a second SADP procedure, referred to as a self-aligned quadruple
patterning (SAQP), can result in a pitch of a quarter that of the pitch of the originally formed

mandrels.

[0022]  Figure 2 illustrates a SAQP process 200. As illustrated in Figure 2, mandrels 202-1
through 202-4 are deposited with a pitch of P1. Figure 2 illustrates mandrels 202-1 through 202-
4, however any number of mandrels 202 may be formed. As discussed above, mandrels 202 are

patterned and etched using a lithographic process.

[0023]  Sidewall spacers 204-1 through 204-8 are then formed on mandrels 202-1 through
202-4 in an SADP process by deposition of sidewall materials on mandrels 202, removal of the
sidewall materials on the horizontal surfaces, and etching to remove mandrels 202. As illustrated
in Figure 2, sidewall spacers 204-1 and 204-2 are formed on opposite sides of mandrel 202-1;
sidewall spacers 204-3 and 204-4 are formed on opposite sides of mandrel 202-2; sidewall
spacers 204-5 and 204-6 are formed on opposite sides of mandrel 202-3; and sidewall spacers

204-7 and 204-8 are formed on opposite sides of mandrel 202-4.

[0024] In a second SADP process on sidewall spacers 204, sidewall spacers 206-1 through
206-8 and fins 208-1 through 208-8 are formed on the sidewalls of sidewall spacers 204. As

illustrated in Figure 2, sidewall spacer 206-1 and fin 208-1 are formed on opposite sides of
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sidewall spacer 204-1; fin 208-2 and sidewall spacer 206-2 are formed on opposite sides of
sidewall spacer 204-2; sidewall spacer 206-3 and fin 208-3 are formed on opposite sides of
sidewall spacer 204-3; fin 208-4 and sidewall spacer 206-4 are formed on opposite sides of
sidewall spacer 204-4; sidewall spacer 206-4 and fin 208-5 are formed on opposite sides of
sidewall spacer 204-5; fin 208-6 and sidewall spacer 206-6 are formed on opposite sides of
sidewall spacer 204-6; sidewall spacer 206-7 and fin 208-7 are formed on opposite sides of
sidewall spacer 204-7; and fin 208-8 and sidewall spacer 206-8 are formed on opposite sides of
sidewall spacer 204-8. Spacers 204-1 through 204-8 as well as spacers 206-1 through 206-8 are
then removed, leaving fins 208-1 through 208-8. As such, fins 208-1 and 208-2 form part of a
two-fin FInFET device; fins 208-3 and 208-4 form part of a two-fin FinFET device; fins 208-5
and 208-6 form part of a two-fin FinFET device; and fins 208-7 and 208-8 form part of a two-fin
FinFET device. As is illustrated in Figure 2, only one fin 208 is formed on each of sidewall

spacers 206.

[0025]  Asis further illustrated in Figure 2, at each successive SADP process, the pitch
between deposited devices is halved. Consequently, if the pitch between mandrels 202 is P1, the
pitch between spacers 204 is P1/2, and the final pitch between fins 208 that are in a single device
is P1/4. Further, the pitch between devices is P1. Using the limitations of the 193 nm
lithographic process, then P1 is 80 nm and the pitch between fins is 20nm. Consequently, a

SAQP as illustrated in Figure 2 cannot produce a pitch size that is less than 20nm between fins.

[0026] Figure 3 illustrates a self-aligned octuplet process (SAOP), which can achieve a less
than 20 nm pitch with the 193nm lithographic process. The SAOP is performed by three
successive SADP processes, resulting in a pitch that is 1/8 that of the pitch between the
mandrels. As illustrated in Figure 3, a lithographic process is used to pattern mandrels 302-1 and
302-2. Mandrels 302 are deposited with a pitch of P2. As is illustrated in Figure 3, in a first
SADP process sidewall spacers 304 are then deposited on mandrels 302. Consequently, sidewall
spacers 304-1 and 304-2 are formed on opposite sides of mandrel 302-1 and sidewall spacers
304-3 and 3-4-4 are formed on the opposite sides of mandrel 302-2. Mandrels 302 are then
removed, leaving sidewall spacers 304. As illustrated in Figure 3, sidewall spacers 304 have a
pitch of P2/2. In a second SADP process, sidewall spacers 306 are formed on sidewall spacers

304 and sidewall spacers 304 removed. As shown in Figure 3, sidewall spacers 306-1 and 306-2
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are formed on opposite sides of sidewall spacer 304-1; sidewall spacers 306-3 and 306-4 are
formed on opposite sides of sidewall spacer 304-2; sidewall spacers 306-5 and 306-6 are formed
on opposite sides of sidewall spacers 304-3; and sidewall spacers 306-7 and 306-8 are formed on

opposite sides of sidewall spacers 304-4. The pitch between sidewall spacers 306 is now P2/4.

[0027] Inyet athird SADP process, sidewall spacers 307 and fins 308 are formed on sidewall
spacers 306, after which both spacers 307 and spacers 306 are removed leaving fins 308. As
shown in Figure 3, sidewall spacer 307-1 and fin 308-1 are formed on opposite sides of sidewall
spacer 306-1; fin 308-2 and sidewall spacer 307-2 are formed on opposite sides of sidewall
spacer 306-2; sidewall spacer 307-3 and fin 308-3 are formed on opposite sides of sidewall
spacer 306-3; fin 308-4 and sidewall spacer 307-4 are formed on opposite sides of sidewall
spacer 306-4; sidewall spacer 307-5 and fin 308-5 are formed on opposite sides of sidewall
spacer 306-5; fin 308-6 and sidewall spacer 307-6 are formed on opposite sides of sidewall
spacer 306-6; sidewall spacer 307-7 and fin 308-7 are formed on opposite sides of sidewall
spacer 306-7; and fin 308-8 and sidewall spacer 307-8 are formed on opposite sides of sidewall
spacer 306-8. The resulting pitch between fins 308 and sidewall spacers 307 is, then, P2/8.

Again, only one fin 308 is formed on each of sidewall spacers 306.

[0028] If P2 is, for example, 128nm, then P2/2 is 64nm; P2/4 is 32nm; and P2/8 is 16nm.
Consequently, a pitch of 16nm is achievable, with a device separation (after the removal of
dummy fins or sidewall spacers 307 of 32nm, using the SAOP process. However, the third
SADP process required to achieve requires too many process steps, increasing costs and
complicating the process, and is difficult to achieve within the constraints of materials

depositions processes.

[0029]  Figure 4 illustrates an example of a SAQP process according to some embodiments of
the present invention for achieving a two-fin device with a pitch of less than 20 nm. As shown in
Figure 4, mandrels 402 are deposited in a lithographic process. Mandrels 402-1 and 402-2 are
illustrated in Figure 4. Mandrels 402-1 and 402-2 are deposited with a pitch P3 and width W1.
Sidewall spacers 404 are deposited on the sidewalls of mandrels 402. Consequently, sidewall
spacers 404-1 and 404-2 are formed on opposite sides of mandrel 402-1 and sidewall spacers

404-3 and 404-4 are formed on opposite sides of mandrel 402-2. However, instead of arranging
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the width W2 of sidewall spacers 404 such that a pitch between sidewall spacers 404 is P3/2, the
width W2 of sidewall spacers 404 is arranged to affect the final pitch of fins 406.

[0030]  Asillustrated in Figure 4, fins 406 are formed on the sidewalls of side-wall spacers

404. As illustrated, fins 406-1 and 406-2 are formed on opposite sides of sidewall spacer 404-1;
fins 406-3 and 406-4 are formed on opposite sides of sidewall spacer 404-2; fins 406-5 and 506-
6 are formed on opposite sides of sidewall spacer 404-3; and fins 406-7 and 406-8 are formed on
opposite sides of sidewall spacer 404-4. In some embodiment, the width W2 of sidewall spacers

404 and the width W3 of fins 406 are the same.

[0031]  Asis further illustrated in Figure 4, mandrels 402 may be formed with a pitch of P3.
Fins 406 in each device have a pitch of P and devices have a pitch separation of D. As an
example, the pitch P can be made 16nm if the width W2 of sidewall spacers 404 and W2 of fins
406 sum to 16 nm. As an example, if W2 and W3 are both 8 nm, which is an achievable
dimension for deposition of sidewall materials using a 7nm process technology, then the pitch P
is 16 nm. The pitch of sidewall spacers 404 PS can be arranged to be P3/2 by varying the
widthW1 of mandrels 402 and the width of spacers W2. The separation D between the resulting
two-fin devices is given by the sum of W1 and W2. However, the spacing between mandrels

402 may not result in an even distance between each of sidewall spacers 404.

[0032] Consequently, as illustrated in Figure 4, fins with small pitch, pitch less than 20nm,
are formed in a process that includes formation of mandrels 402 with a width of W1 and pitch of
P3 with a lithographic etch process. Sidewall spacers 404 are formed by deposition of material
on the sides of mandrels 402, and mandrel material is removed to leave sidewall spacers 404.
Sidewall spacers 404 each have a width W2 and sidewall spacers have a pitch of PS. Fins 406
are then formed on the sidewall of spacers 404, with each spacer 404 providing for a single two-
fin device formation. As a result, once spacers 404 are removed, none of the fins 406 deposited
on the sidewall are removed (i.e. there is no dummy spacer removal). In some embodiments, the

mandrel pitch P3 can be used to separate NMOS from PMOS FinFET devices.

[0033] The example embodiment of the present invention illustrated in Figure 4 can produce
fin pitches of less than 20nm primarily because the fin pitch is dependent only on the ability to

deposit sidewall spacers 404 and fins 406 within a particular width. In the 7nm technologies,
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those deposition widths can be as low as 7 nm, and 8nm widths or above are available.
Separation between devices, D, remains dependent on the process limitations involved in

forming mandrels 402.

[0034]  Figure 5 illustrates an example of a process according to some embodiments of the
present invention for producing a multi-fin FinFET device where the number of fins is greater
than two. Although, due to the limitations of the process technologies, fin pitches of less than
20nm may not be easily achieved, the process illustrated in Figure 5 can be used to produce

multi-fin devices where the fin-pitch can be larger than 20nm.

[0035] As shown in Figure 5, mandrels 502 are formed with a lithographic and etch process.
Mandrels 502 (mandrels 502-1 through 502-4 are illustrated) have a pitch of P4 and a width of
W1, within the limits of resolution of the lithographic process. As is further shown, sidewall
spacers 504 are formed on mandrels 502. In particular, sidewall spacers 504-1 and 504-3 are
formed on opposite sides of mandrel 502-1; sidewall spacers 504-3 and 504-4 are formed on
opposite sides of mandrel 502-2; sidewall spacers 504-5 and 504-6 are formed on opposite sides

of mandrel 502-3; and 504-7 and 504-8 are formed on opposite sides of mandrel 502-4.

[0036]  Asis further illustrated, fins 506 and sacrificial sidewall spacers 507 are formed on
sidewall spacers 504. Figure 5 illustrates production of a 3-fin device, however, a four-fin
device can also be produced using sidewalls 504 on a single mandrel 502. A device with more

than four fins can be produced using sidewalls 504 from adjacent mandrels 502.

[0037] In the example 3-fin device illustrated in Figure 5, fins for each device may span
adjacent mandrels 502. As illustrated in Figure 5, fins 506-1 and 506-2 are formed on opposite
sides of sidewall spacer 504-1. Sacrificial spacers 507-1 and 507-2 formed on opposite sides of
sidewall spacer 504-2 during the formation of fins 506 and removed. Fins 506-3 and 506-4 are
formed on opposite sides of sidewall spacer 504-3 and fin 506-5, which forms the third fin of a
device that includes fins 506-3, 506, and 506-5, is formed on a first side of sidewall spacer 504-
4. Sacrificial spacer 507-3 is formed on a second side of sidewall spacer 504-4. As is further
illustrated in Figure 5, sacrificial sidewall spacer 507-4 and fin 506-6 are formed on opposite
sides of sidewall spacer 504-5; fins 506-7 and 506-8 are formed on opposite sides of sidewall

spacer 504-6; sacrificial sidewall spacers 507-5 and 507-6 are formed on opposite sides of
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sidewall spacer 504-7; and fins 506-9 and 506-10 are formed on opposite sides of sidewall
spacer 504-8.

[0038] Consequently, as illustrated in Figure 5, provided that a larger fin-pitch can be
tolerated, devices with more than two fins can be formed according to some embodiments of the
present invention. As illustrated in Figure 5, the spacing between fins 506 is determined by
width W2 of sidewall spacer 504. Consequently, the fin pitch, which is shown as P4/4 as an
example in Figure 5, is given by the sum of the width W2 of sidewall spacer 504 and the width
W3 of sidewall spacer w3. The width of mandrel 502, W1, can be adjusted to produce an overall
pitch of P4/4 for the multi-fin device. In some embodiments, the width of spacers 504, W2, and
the width of fins 506, W3, are the same.

[0039] In the preceding specification, various embodiments have been described with
reference to the accompanying drawings. It will, however, be evident that various modifications
and changes may be made thereto, and additional embodiments may be implemented, without
departing from the broader scope of the invention as set for in the claims that follow. The
specification and drawings are accordingly to be regarded in an illustrative rather than restrictive

sense.
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CLAIMS

What is claimed is:

1. A method of forming fins of a two-fin FinFET device, comprising:
forming mandrels with a lithographic etch process;
forming sidewall spacers on the mandrels; and
forming fins on the sidewall spacers,

wherein the two-fin FinFET device is formed on each of the sidewall spacers.
2. The method of claim 1, wherein a pitch of the two-fin FinFET device is less than 20nm.

3. The method of claim 1, wherein separation between a pair of the two-fin FinFET devices

is determined by a width of the mandrel.

4. The method of claim 1, wherein a distance between mandrels can separate nMOS FinFET

devices from pMOS FinFET devices.

5. The method of claim 1, wherein a pitch of the two-fin FinFET device is determined by a

sidewall spacer width and a fin width.

6. The method of claim 1, further including removing the mandrels and the sidewall
spacers.
7. A method of forming a multi-fin device, comprising:

forming one or more mandrels with a first pitch and a first width;

forming sidewall spacers on each side of the one or more mandrels, the sidewall spacers
each having a second width; and

forming fins on sides of the sidewall spacers, wherein the fins have a pitch of less than

20nm.

8. The method of claim 7, wherein the mandrels are formed with a lithographic exposure and

etch process.

10
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9. The method of claim 7, wherein the sidewall spacers and the fins are deposited with materials

deposition technology.
10. The method of claim 9, wherein the materials deposition technology is a 7nm technology.

11. The method of claim 7, further including removing the mandrels and the sidewall spacers to

leave the fins.

12. The method of claim 7, wherein the multi-fin device is a two-fin device, the two fin device

formed on one of the sidewall spacers.

13. The method of claim 12, wherein adjacent two-fin devices are separated according to the

width of the mandrel.

14. The method of claim 7, wherein the multi-fin device includes more than two fins formed on

adjacent sidewall spacers.

15. A multi-fin device, comprising:
a plurality of fins formed by deposition on sidewall spacers, the sidewall spacers having
been separated by mandrels,

wherein a pitch of the plurality of fins is less than 20nm.

16. The multi-fin device of claim 15, wherein the plurality of fins includes two fins formed on

opposite sides of one sidewall spacer.

17. The multi-fin device of claim 16, wherein the two-fins are separated from another two-fin

device.

18. The multi-fin device of claim 15, wherein the plurality of fins includes more than two fins

formed on sides of adjacent sidewall spacers.
19. The multi-fin device of claim 15, wherein the sidewall spacers are removed.

20. A multi-fin device, comprising:

means for providing a plurality of fins with a pitch of less than 20 nm.

11
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21. The multi-fin device of claim 20, wherein the means for providing a plurality of fins
includes
means for depositing mandrels; and

means for depositing sidewall spacers on the mandrels.

12
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