77030527 A2 I 10 00 00 O O A

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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
15 March 2007 (15.03.2007)

(10) International Publication Number

WO 2007/030527 A2

(51) International Patent Classification:
HOIL 21/00 (2006.01)

(21) International Application Number:
PCT/US2006/034697

(22) International Filing Date:
6 September 2006 (06.09.2006)

English
English

(25) Filing Language:
(26) Publication Language:

(30) Priority Data:
60/714,627 7 September 2005 (07.09.2005) US

(71) Applicant (for all designated States except US): TOPPAN
PHOTOMASKS, INC. [US/US]J; 131 Old Settlers Boule-
vard, Round Rock, TX 78664 (US).

(72) Inventor; and

(75) Inventor/Applicant (for US only): MACDONALD,
Susan, S. [US/US]; 601 Sequoia Spur, Georgetown, TX
78628 (US).

(74) Agent: HEYMAN, Paula, D.; Baker Botts L..L..P., 1500
San Jacinto Center, 98 San Jacinto Blvd., Austin, TX
78701-4039 (US).

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

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

(84) 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,
7ZW), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

—  as to the identity of the inventor (Rule 4.17(i))

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

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

—  of inventorship (Rule 4.17(iv))

Published:
—  without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: PHOTOMASK FOR THE FABRICATION OF A DUAL DAMASCENE STRUCTURE AND METHOD FOR FORM-

ING THE SAME

100

d

101~ IMAGE METAL PATTERN ONTO RESIST LAYER AND DEVELOP RESIST ]

1

102{" eTcH EXPOSED PORTIONS OF ABSORBED LAYER TO GREATE METAL LAYER PATTERN |

!

108 ETCH EXPOSED FORTIONS OF SUBSTRATE TQ CREATE METAL PATTERN IN SUBSTRATEJ

1

104\‘ REMOVE REMAINING PHOTO RESIST LAYER FROM PHOTOMASK BLANK '

106~

ADD SECOND PHOTORESIST LAYER ON PHOTOMASK BLANK TO COVER
REMAINING ABSORBER LAYER AND ETCHED TRENCH(ES) ON SUBSTRATE

106 /‘ IMAGE VIA PATTERN ONTO SECOND RESIST LAYER AND DEVELOP SECOND RESIST |

i

107/] ETCH EXPOSED PORTIONS OF ABSORBED LAYER TO GREATE VIA PATTERN |
¥

108 /{ ETGH EXPOSED PORTIONS OF SUBSTRATE TO CREATE VIA PATTERN IN SUBSTRATE '
‘ !

109 /{ REMOVE REMAINING SECOND PHOTORESIST LAYER FROM PHOTOMASK BLANK I

v
1oL

REMOVE REMAINING ABSCRBER LAYER FROM PHOTOMASK BLANK I

END

(57) Abstract: A photomask for the fabrication of dual damascene structures and a method for forming the same are provided.
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PHOTOMASK FOR THE FABRICATION OF A DUAL DAMASCENE
STRUCTURE AND METHOD FOR FORMING THE SAME

TECHNICAL FIELD

This disclosure relates in general to step-and-£flash
imprint lithography and, more particularly, to a
photomask for the fabrication of a dual damascene

structure and method for forming the same.

BACKGROUND

As device manufacturers continue to produce smaller
and more complicated devices, photomasks used to
fabricate these devices continue to require a wider range
of capabilities. Advanced microprocessors may require
eight or more levels of wiring to transmit electrical
signals and power among devices and to external
circuitry. Each wiring level may connect to the levels
above and below it through via layers.

In a standard dual damascene process, only a single
metal deposition step may be used to simultaneously form
a metal layer and a via layer. The vias and the trenches
may be defined using two lithography steps and at least
two etch steps. After the via and trench recesses are
etched, the via may be filled with a metal material in
the same step used to fill the trench defining the metal
layer. The excess metal deposited outside of the trench
may be removed by a chemical mechanical polishing (CMP)
process such that a planar structure with metal inlays is
formed. Once the planarized surface is achieved, a CMP

does not have to be performed on the dielectric layer.
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Thus, a CMP step may be eliminated through use of the
dual damascene process.

A step-and-flash imprint lithography (SFIL) process
uses a template similar to a mold to form a pattern on a
substrate. A polymerizable fluid may be deposited on a
substrate surface and the fluid may £ill the gaps defined
by a relief pattern in the template when the template is
applied to the fluid on the wafer. The polymerizable
fluid may be solidified to form a mask on the device such
that a pattern may be formed on the device. An SFIL
processes may have advantages over other lithographic
techniques, such as offering a high resolution, excellent
pattern fidelity, and the ability to be utilized at room
temperature and low pressure. However, a standard SFIL

template may only be used to form a single device layer.

SUMMARY OF THE DISCLOSURE

In accordance with teachings of the present
disclosure, disadvantages and problems associated with a
forming a dual damascene photomask have been
substantially reduced or eliminated. 1In a particular
embodiment, a multi-layer template is formed using a
combination of chrome and resist as etch stop layers
during a substrate etch.

In accordance with one embodiment of the present
disclosure, a method is provided for forming a step-and-
flash imprint lithography (SFIL) template. A blank isg
provided including a substrate, a metallization layer,
and a first resist layer. A metal layer pattern of a
dual damascene structure is formed in the substrate at a
first depth using a lithography system. The first resist
layer is removed from the blank and a second resist later

is applied. A lithography system is used to form a cia
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layer pattern of the dual damascene structure at the
first depth while the metal layer pattern is
simultaneously etched to a second depth.

In accordance with another embodiment of the pPresent
disclosure, a method for fabricating an SFIL template
includes providing a blank having a substrate, an
absorber layer and a first resist layer including a first
pattern formed therein to expose first portions of the
absorber layer. The exposed first portions of the
absorber layer are etched to expose first portions of the
substrate and the exposed first portions of the substrate
are etched to form the first pattern in the substrate.
The absorber layer functions to provide a first etch stop
during etching of the first portions of the substrate. A
second resist layer is deposited on the etched first
portions of the substrate and exposed first portions of
the absorber layer. 2 gecond pattern is developed in the
second resist layer to expose second portions of the
absorber layer. The exposed second portions of the
absorber layer are etched to expose second portions of
the substrate such that the second portions of the
substrate include the etched first portions of the
substrate. The exposed second portions of the substrate
are etched to form the second pattern in the substrate.
The absorber layer functions to provide a second etch
stop during etching of the second portions of the
substrate. The absorber layer and the second resist
layer are removed to form a multi-layer SFIL template.

In accordance with another embodiment of the present
disclosure, a multi-layer SFIL template includes a
substrate, a first trench formed in the substrate at a
first depth and a second trench formed in the substrate

at a second depth. The first trench corresponds to a
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metal layer of a dual damascene structure on a
semiconductor wafer using an SFIL process and the second
trench corresponds to a via layer of the dual damascene
structure. The first and second trenches formed in the
substrate by etching the substrate and using an absorber

layer as an etch stop.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete and thorough understanding of the
present embodiments and advantages thereof may be
acquired by referring to the following description taken
in: conjunction with the accompanying  drawings, in which
like reference numbers indicate like features, and
wherein:

FIGURES 1A-1J illustrate cross-sectional side views
of a semiconductor wafer at various stages of
manufacturing a dual damascene structure in accérdance
with teachings of the prior art;

FIGURES 2A-2E illustrate cross-sectional side views
of a semiconductor wafer at various stages of
manufacturing a dual damascene structure using a step-
and-print imprint lithography (SFIL) process according to
teachings of the present disclosure;

FIGURE 3A illustrates a top view of an SFIL template
for use with an SFIL process to create a dual damascene
structure on a semiconductor wafer according to teachings
of the present disclosure;

FIGURE 3B illustrates a cross-sectional side view of
the SFIL template of FIGURE 3A according to teachings of
the present disclosure;

FIGURE 4 illustrates a flow diagram for a method of
fabricating a multi-layer SFIL template according to the

teachings of the present disclosure;
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FIGURE 5A illustrates a top view of design data
included in a mask pattern file used to fabricate a
multi-layer SFIL template according to teachings of the
present disclosure; and

FIGURE 5B-5E illustrate cross-sectional side views
of an SFIL template at various stages of manufacturing
the SFIL template according to teachings of the present

disclosure.

DETATLED DESCRIPTION

Preferred embodiments of the present disclosure and
their advantages are best understood by reference to
FIGURES 1 through 5, where like numbers are used to
indicate like and corresponding parts.

FIGURES 1A through 1J illustrate cross-sectional
side views of a semiconductor wafer at various stages of
a conventional manufacturing process for a dual damascene
structure. Some conventional manufacturing processes for
a dual damascene structure may require greater than
twenty steps to fabricate a single metal-via layer. In
the illustrated embodiment, a conventional dual damascene
process includes twenty-three processing steps in order
fabricate a single metal-via layer. Assuming that an
integrated circuit includes eight layers of metal, the
total number of steps required to form all eight metal-
via layers would be approximately 161.

FIGURE 1A illustrates the first eight steps in a
conventional manufacturing procesgss for a dual damascene
structure. A metal layer 16 may be formed in a
dielectric material 14 that is formed over a device layer
(not shown) on a semiconductor wafer 12. Metal layer 16
may be copper, aluminum or any other suitable metal that

may be used to transmit electrical signals and power
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among devices in an integrated circuit. Dielectric layer
14 may be silicon dioxide (Si0.), a low-k interlayer
dielectric (ILD) or any other suitable material that may
provide an insulation layer of the integrated circuit.
Semiconductor wafer 12 may be silicon, gallium arsenide
or any other suitable material used to form an integrated
circuit.

In the first step of the manufacturing process, a
metal etch barrier 18, such as copper, may be deposited
on metal layer 16 and the dielectric layer 14. 1In the
second step, a via ILD layer 20 may be deposited on metal
etch barrier 18. In the third step, a trench etch stop
material 22 may be applied over via ILD layer 20. In the
fourth step, a metal ILD layer 24 may be deposited over
trench etch stop layer 22. In the fifth step, a via hard
mask 26 may be applied over metal ILD layer 24 followed
by deposition of a trench hard mask 28 over via hard mask
26 in the sixth step. In one embodiment, the material
used to form via and trench hard masks may be a plasma
silicon nitride. 1In other embodiments, the trench hard
mask may be any suitable material that provides
protection for the ILD layer during a photoresist strip
process and/or provides an etch stop during a chemical
mechanical polishing (CMP) process. In the seventh step,
a bottom antireflective coat (BARC) layer 30 may be
deposited over the trench hard mask 28. The BARC
material may be organic or inorganic. Im the eighth
step, photoresist 32 may be deposited over BARC layer 30.
Photoresist 32 may be any suitable positive or negative
photoresist.

FIGURE 1B illustrates the ninth and tenth steps in a
conventional process for a dual damascene structure. In

the ninth step, a trench of approximately the game sgize
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as metal layer 16 formed in dielectric layer 14 may be
formed in photoresist 32 by exposing the photoresist
using a photomask (not shown) and a lithography system
(not shown). 1In the tenth step, photoresist 32 may be
developed to expose BARC layer 30 and form a trench of
approximately the size of metal layer 16 formed in
dielectric layer 14. If a positive photoresist is used,
the exposed portion of the resist may be developed and,
if a negative photoresist is used, the unexposed portion
of the resist may be developed.

FIGURE 1C illustrates steps eleven and twelve in the
conventional manufacturing process for a dual damascene
structure; In step eleven, .any suitable etch pProcess may
be used to etch through BARC layer 30 and trench hard
mask layer 28 in the trench formed by removal of
photoresgist 32. The etch’'process may be an anisotropic
dry etch or any other suitable etch process that removes

the trench hard mask layer. 1In step twelve, an ash

‘process may be used to remove any remaining photoregist

32. 1In one embodiment, the ash process may be conducted
in a strongly oxidizing gaseous atmosphere.

FIGURE 1D illustrates steps thirteen and fourteen in
the conventioral manufacturing process for a dual
damascene structure. In step thirteen, a second BARC
layer 31 may be deposited in the trench over via hard
mask layer 26 and over the remaining portions of the
trench hard mask 28. 1In step fourteen, a second
photoresist layer 34 may be formed over second BARC layer
31.

FIGURE 1E illustrates steps fifteen through
seventeen in the conventional manufacturing process for a
dual damascene structure. In step fifteen, a via pattern

may be imaged in photoresist 34 using a second photomask
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(not shown) and the lithography system (not shown). 1In
step sixteen, photoresist 34 may be developed to form a
via pattern in the photoresgist 34 and expose a portion of
via hard mask 26. 1In step seventeen, the exposed portion
of via hard mask layer 26 in the via may be etched to
expose a surface of the metal TLD layer 24.

FIGURE 1F illustrates step eighteen in the
conventional manufacturing process for a dual damascene
structure. In step eighteen, any suitable etch process
may be used to etch the exposed portion of metal ILD
layer 24 in the vié and the trench etch stop layer 22 in
the via.

FIGURE 1G illustrates step nineteen in the
conventional manufacturing process for a dual damascene
structure. In step nineteen, an ash process may be used
to remove any remaining photoresist 34 and the via ILD 20
in the trench defining the via may be removed by an etch
process.

FIGURE 1H illustrates step twenty in the.
conventional manufacturing process for a dual damascene
structure. 1In step twenty, barrier layer 18 may be
etched in the via to expose a surface of metal layer 16.
In one embodiment, metal layer 16 may be copper.

FIGURE 1I illustrates steps twenty-one and twenty-~
two in the conventional manufacturing process for a dual
damascene structure. In steps twenty-one and twenty-two
respectively, a copper seed layer 36 may be deposited
over the exposed surfaces and a copper layer 37 may be
plated over copper seed layer 36 formed in the via and
over the exposed portions of trench etch stop layer 22 in
the trench.

FIGURE 1J illustrates step twenty-three in the

conventional manufacturing process for a dual damascene
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structure. The metal-via layer may be completed by using
a CMP process such that the metal layer 37 formed in the
trench is level with the remaining metal ILD 24 in step
twenty-three. When the process isg completed, via 38 and
metal layer 39 may be created and may be electrically
coupled to metal layer 16.

FIGURES 2A through 2E illustrate cross-sectional
side views of a semiconductor wafer 52 and a step-and-
print imprint lithography (SFIL) template 62 at various
stages of an SFIL manufacturing process for a duatl
damascene structure. In an SFIL process, a template, for
example SFIL template 62, may be used as a mold or stamp
to form a pattern on a semiconductor wafer by contacting
the template with a £film, for example film 60, on the
wafer. In one embodiment, the film may be a
polymerizable fluid that.has a low viscosity and is
photocurable. When the template comes into contact with
the film, the film may fill the spaces between the
template and the surface of the semiconductor wafer. The
film may then be solidified by either exposing it to
light or to heat. The template may be released from
contact with the film once the film is hardened and the
appropriate structure on the wafer may be formed.

FIGURE 2A illustrates.the first two steps in an SFIL
manufacturing process for a dual damascene structure in
accordance with the present disclosure. Metal layer 56
may be formed in dielectric material 54 that is formed on
semiconductor wafer 52. In one embodiment metal layer 56
may be copper. Metal layer 56 and dielectric layer 54
may be similar to metal Iayér 16 and dielectric layer 14
described in reference to FIGURES 1A-1J. 1In the first
step of the manufacturing brocess, a metal etch barrier

58, such as copper, may be deposited on metal layer 56
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and dielectric layer 54. In the second step, film 60 may
be dispensed on etch barrier 58. In one embodiment, film
60 may be a resist material that acts as a dielectric
that separates the various layers of an integrated
circuit. For example, film 60 may be an imprintable
dielectric material such as a polyhedral oligomeric
silsesquixane (POSS) type material. In another
embodiment, film 60 may be a polymerizable fluid,
including but not limited to compounds including an
organic acrylate, an organic crosslinker, a silicon
containing acrylate, and/or a photoinitiator, or any
other suitable compound.

FIGURE 2B illustrates the third step in an SFIL
manufacturing process for a dual damascene structure. In
the third step, SFIL template 62 may be applied to film
60 on semiconductor wafer by, for example, applying
pressure to SFIL template 62. In one embodiment, SFIL
template 62 may be a transparent material such as quartz,
synthetic quartz, fused silica, magnesium fluoride (MgF3) ,
calcium fluoride (CaF,), or any other suitable material
that transmits at least seventy-five percent (75%) of
incident light having a wavelength between approximately
10 nanometers (nm) and approximately 450 nm. In another
embodiment, SFIL template 62 may be an opague material
that retains its shape when heat is applied to either
SFIL template 62 or semiconductor wafer 52. In the
illustrated embodiment, film 60 may be cured by exposing
SFIL template 62 to a radiation source such as an
ultraviolet (UV) or deep ultraviolet (DUV) light. 1In
another embodiment, f£ilm 60 may be cured by applying a
heat source to either SFIL template 62 or semiconductor
wafer 52. Once film 60 is sufficiently hardened, SFIL

template 62 may be releaged. As illustrated, a thin
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layer of film 60 may be present in the via formed by the
template.

FIGURE 2C illustrates the fourth and fifth steps in
an SFIL manufacturing process for a dual damascene
structure. In the fourth step, an etch may be performed
to remove the resgidual portion of film 60 remaining at
the bottom of the via to expose barrier layer 58. The
etch process may be any suitable process that removes a

dielectric material. In the fifth step, an etch process

- may be performed to remove the portion of barrier layer

58 exposed by the via and expose a surface of metal layer
56. The etch process may be any suitable process that
removes a metal barrier layer.

FIGURE 2D illustrates the last three steps in an
SFIL manufacturing process for a dual damascene
structure. 1In the sixth and' seventh steps respectively,
copper seed layer 76 may be deposited over the exposed

surfaces and copper layer 77 may be plated over copper

- seed layer 76 formed in the via and over the exposed

portions of film 60 in the trench. The metal-via layer
may be completed by using a CMP process such that metal
layer 77 formed in the trench is level with the remaining
film 60 in step eight. When the process is completed,
via 78 and metal layer 79 may be created and may be
electrically coupled to metal layer 56, as depicted in
FIGURE 2E.

An SFIL process, therefore, uses fewer steps to
manufacture a dual damascene structure than a
conventional manufacturing process. For example, an
integrated circuit including eight layers of metal (e.g.,
seven metal-via layers) may require fifty-six steps if an
SFIL process is used, in contrast with the 161 steps

required by the conventional process described with
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respect to FIGURES 1A through 1.J. By reducing the number
of steps required, the time necessary to create an
integrated circuit and the costs associated with the
manufacturing process may be significantly reduced.

FIGURE 3A illustrates a top view of multi-layer SFIL
template 82 used to fabricate dual damascene structures
on a semiconductor wafer and FIGURE 3B illustrates an
Cross-sectional side view of SFIL template 82 shown in
FIGURE 3A. SFIL template 82 may include features 84,
metal features 86 and via features 88. SFIL template 82
may be used in an SFIL procéss, for example with a
dielectric material acting as the polymerizable fluid as
described above in reference to FIGURES 2A through 2E.
When applied to the. film deposited on a semiconductor
wafer, SFIL template 82 may be used to simultaneously
form a via layer using via features 88 and a metal layer
using metal features 86 on an exposed surface of a
semiconductor wafer. Using SFIL template 82 with an SFIL
process may reduce the number of steps required to form
two layers in a device significantly.

FIGURE 4 illustrates a flow diagram for a method. 100
of fabricating a dual damascene SFIL template, for
example SFIL template 62 or 82. FIGURE 5A illustrates g
top view of design data 130 included in a mask pattern
file used to fabricate a multi-layver SFIL template, for
example SFIL template 62 or 82, in accordance with the
teachings of the present disclosure. FIGURES 5B through
5E illustrate cross-sectional side views of an SFIL
template, for example SFIL template 62 or 82, at various
stages of manufacture in accordance with the present
disclosure. Generally, photomask blank 142 including
absorber layer 144 formed on substrate 142 and

photoresist layer 146 formed on absorber layer 144 may be
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provided. Metal pattern 132 may be imaged into
photoresist layer 146 using a mask pattern file and a
lithography system. Once the exposed portion of resist
layer 146 is developed, the exposed portion of absorber
layer 144 may be etched. Metal pattern 132 may then be
then formed in substrate 142 by etching substrate 142 and
using absorber layer 144 as an etch barrier. Another
layer of photoresist 148 may be deposited on the surface
of .absorber layer 144 and additional trenches may be
formed in substrate 142 in order to image via pattern 134
into photoresist 148 using another mask pattern file and
a lithography system. Again, the exposed portion of
absorber layer 144 may be etched once the exposed portion

of resist layer 148 is developed to form via pattern 134

'in absorber layer 144. The remaining portion of the

‘absorber layer 144 is used as an etch barrier to form via

pattern 134 in substrate 142 by etching exposed portions
of ‘the substrate 142.

At step 101 of method 100, metal pattern 132
included in a mask pattern file may be imaged into-
photoreéist layer 146 of photomask blank 140 by a
lithography system. An example pattern 132 for the metal
layer of a dual damascene structure included in a mask
pattern file is shown in FIGURE S5A. Design data 130 may
be included in one mask pattern file or metal pattern 132
and via pattern 134 may be included in separate mask
pattern files. The desired pattern may be imaged into a
resist layer of the photomask blank using a laser,
electron beam or X~-ray lithography system. In one
embodiment, a laser lithography system uses an argon-ion
laser that emits light having a wavelength of
approximately 364 nanometers (nm). In alternative

embodiments, the laser lithography system uses lasers
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emitting light at wavelengths from approximately 150 nm
to approximately 300 nm. In other embodiments, a 25 keV
or 50 keV electron beam lithography system uses a
lanthanum hexaboride or thermal field emission source.
In further embodiments, different electron beam
lithography systems may be used.

Additionally, at step 101 of method 100, resist
layer 146 may be developed to form metal pattern 132.
Portions of absorber layer 144 that correspond to metal
pattern 132 may be exposed by developing the exposed
portions of resist layer 146 with an alkaline solution
that removes either the exposed (positive photoresist) ar
the unexposed (negative photoresist) portion. The
developer may be a metal-ion-free developer such as
tetramethyl ammonium hydroxide (TMAH). In other
embodiments, any suitable developer may be used. FIGURE
5B illustrates photomask blank 140 after completion of
step 101.

As discussed above, photomask blank 140 may include
substrate 142, absorber layer 144, and photoresist layer
146. Substrate 142 may be a transparent material such as
gquartz, synthetic quartz, fused silica, magnesium
fluoride (MgF,), calcium fluoride (CaF,), or any other
suitable material. Absorber layer 144 may be a metal
material such as chrome, chromium nitride, copper, a
metallic oxy-carbo-nitride (e.g., MOCN, where M is
selected from the group consisting of chromium, cobalt,
iron, zinc, molybdenum, niobium, tantalum, titanium,
tungsten, aluminum, magnesium, and silicon), or any other
suitable material that provides an etch stop during a
substrate etch step. 1In an alternative embodiment,
absorber layer 144 may be formed of molybdenum silicide

(MoSi) . Resist layer 146 may be a polymethyl
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methacrylate (PMMA) resist, a polybutane 1-sulfone (PBS)

resist, a polychloromethylstyrene (PCMS) resist, or any

other suitable positive or negative resist.

At step 102 of method 100, the exposed portions of

absorber layer 144 may be etched to create metal laver

pattern 132 in absorber layer 144. In one embodiment,

absorber layer 144 may be etched using a ferric

perchloride (FeCl36H,0) etch, any chloride containing

(Clz) gas etch, an agua regia etch, or any other suitable

etch depending on the material used for absorber layer

144. The remaining resist layer 146 provides an etch

stop for the etch process used to etch absorber layer

144,

At step 103 of method 100, the exposed portions of

substrate 142 may be etched to create metal pattern 132

in substrate 142. 1In one embodiment, substrate 142 may

be etched using a buffered oxygen etch, a potassium

hydroxide (KOH) etch, or any other suitable etch. In

some embodiments, the etch depth into substrate 142 may

be approximately 500 nm. In other embodiments, the etch

depth may be any suitable depth that provides the

appropriate metal layer on a semiconductor wafer. At

step 104 of method 100, the remaining portion of

photoresist layer 146 may be removed from photomask blank

140. In another embodiment, the resist may be removed

before the substrate etch. FIGURE 5C illustrates

photomask blank 140 after completion of step 104.

At step 105 of method 100, a second photoresist

layer 148 may be formed on photomask blank 140 to cover

the remaining portion of absorber layer 144 and etched

trench (or trenches) 145 in substrate 142. In one

embodiment, second resist layer 148 may be an essentially

identical compound as resist layer 146.

In another
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embodiment, second resist layer 148 may be a different
compound from that used to form first resist layer 146.
Via pattern 134 included in a mask pattern file may then
be imaged onto second resist layer 148 by a lithography
system. An example pattern 134 for the via layer of a
dual damascene structure included in a mask pattern file
is shown in FIGURE 5A. At step 106 of method too,
portions of absorber layer 144 that correspond to via
pattern 134 may be exposed by developing the exposed
portions of resist layer 148 with a solution that removes

either the exposed (positive photoresist) or the

‘unexposed (negative photoresist) portions.

At step 107 of method 100, the exposed portions of

.absorber layer 144 may be etched to expose portions of

substrate 142 that correspond to via pattern 134. In one
embodiment, the absorber etch process used to form via
pattern 134 may be similar to the absorber etch process
used to form metal pattern 132. In another embodiment,
the absorber etch process used to form via pattern 134
may be different than the absorber etch process used to
form metal pattern 134. FIGURE 5D illustrates photomask
blank 140 after completion of step 107.

At step 108 of method 100, the exposed portions of
substrate 142 may be etched to form via pattern 134 in
substrate 142. In one embodiment, the etch depth may be
approximately 500 nm. In another embodiment, the etch
depth may be any suitable depth that provides the
appropriate via layer on a semiconductor wafer. In some
embodiments, the first and second substrate etches may be
approximately the same. For example, as illustrated in
FIGURE 3B, the trench formed by feature 84 may have a
depth two times larger than the trench formed by metal

feature 86. In other embodiments, the first and second
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substrate etches may be different such that the Ffirst
etch is greater than the second etch or the second etch
is greater than the first etch. At step 109 of method
100, the remaining portions of second resist 148 may be
stripped and the remaining portions of absorber layer 144
may be stripped at step 110 of method 100. The resulting
substrate 142 as depicted in FIGURE 5E, may comprise an
SFIL template 150 including via features 154 and metal
features 152. The resulting SFIL template 150 may have
features and characteristics similar to that of SFIL
template 62. The above described process for fabricating
an SFIL template provides aligned metal and via layers
that are required for a dual damascene structure.

Other SFIL steps may also be used throughout the
manufacturing process. For example, a release layer may
be formed on the surface of SFTL templates 62, 82 and/or
template 150 to allow reliable separation from a
polymerizable fluid. A release -layer may comprise a
fluoroalkyltrichlorosilane pPrecursor or any other
suitable compound.

The use of an SFIL template, for example SFIL
templates 62, 82 and/or 150, to create dual damascene
features in a device may provide a number of advantages.
In some embodiments, the number of steps‘required to form
a device may be reduced significantly, since multiple
layers may be formed in the device simultaneously.
Another advantage may be the removal of several of the
most difficult steps of prior art dual damascene
approaches. Additionally, the use of a SFIL process may
reduce alignment errors in a device, since a first layer
and a connected second layer are formed simultaneously.
Other advantages may be apparent to those of ordinary

skill in the art.
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Although the present disclosure as illustrated by
the above embodiments has been described in detail,
numerous variations will be apparent to one skilled in
the art. For example, various cleaning and metrology
steps may be added. Additionally, certain steps may be
performed in an alternate order. For example, the
substrate may be etched after the resist is stripped.
The materials, sizes, and shapes may also be varied
depending on specific needs. It should be understood
that various changes, substitutions and alternations can
be made herein without departing from the spirit and
scope of the disclosure as illustrated by the following

claims.

PCT/US2006/034697
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WHAT IS CLAIMED IS:

1. A method for fabricating a multi-layer step-
and-flash imprint lithography (SFIL) template,
comprising:

providing a blank including a substrate, an absorber
layer and a first resist layer;

using a lithography system to form a metal layer
pattern of a dual damascene structure in the substrate at
a first depth;

removing the first resgist layer from the blank;

adding a second resist layer on the blank; and

using a lithography system to form a via layer
pattern of the dual damascene structure at the first
depth while simultaneously forming the metal layer

pattern at a second depth.

2. The method of Claim 1, wherein using a
lithography system to form the metal layer pattern
comprises:

using the lithography system to form the metal layer
pattern in the first resist layer to expose portions of
the absorber layer;

etching the exposed portions of the absorber layer
to expose portions of the substrate; and

etching the exposed portions of the substrate to

form the metal pattern in the substrate.

3. The method of Claim 2, wherein the absorber
layer is operable to provide an etch stop during etching

of the portions of the substrate.
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4. The method of Claim 1, wherein using a
lithography system to form the via layer pattern
comprises:

using the lithography system to form the via layer
pattern in the second resist layer to expose portions of
the absorber layer;

etching the exposed portions of the absorber layer
to expose portions of the substrate; and

etching the exposed portions of the substrate to

form the via pattern in the substrate.

5. The method of Claim 4, wherein the absorber

layer is operable to provide an etch stop during etching

-of the portions of the substrate.

6. The method of Claim 4, wherein the second
resist layer is operable to provide an etch stop during

etching of the exposed portion‘of the absorber layer.

7. The method of Claim 1, wherein the absorber
layer is operable to provide a first etch stop during the

formation of the metal layer patterm in the substrate.

8. The method of Claim 1, whéerein the absorber
layer is operable to provide a second etch stop during

the formation of the via layer pattern in the substrate.

9. The method of Claim 1, wherein the second depth

is approximately two times greater than the first depth.

10. The method of Claim 1, wherein the first and
second depths are between approximately 10 nm and

approximately 50 nm.
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11. The method of Claim 1, wherein the first and
second depths are between approximately 50 nm and

approximately 100 nm.

12. The method of Claim 1, wherein the first and
second depths are between approximately 100 nm and

approximately 500 nm.

13. The method of Claim 1, wherein the first and
second depths are between approximately 500 nm and

approximately 2000 nm.

14. The method of Claim 1, wherein the substrate
comprises a material selected from the group consisting
of quartz, synthetic quartz, fused silica, magnesium

fluoride, and calcium fluoride.

15. A method for fabricating a multi-layer step-
and-flash imprint lithography (SFIL) template,
comprising:

providing a blank including a substrate, an absorber
layer and a first resist layer including a first pattern
formed therein to expose first portions of the absorber
layer;

etching the exposed first portions of the absorber
layer to expose first portions of the substrate;

etching the expased first portions of the substrate
to form the first pattern in the substrate, the absorber
layer operable to provide a first etch stop during

etching of the first portions of the substrate;

NTICNT a2y Anr =
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depositing a second resist layer on the etched
portions of the substrate and exposed first portions of
the absorber layer;

developing a second pattern in the second resist
layer to expose second portions of the absorber layer;

etching the exposed second portions of the absorber
layer to expose second portions of the substrate, the
second portions of the substrate including the first
portions of the substrate;

etching the exposed second portions of the substrate

to form the second pattermn in the substrate, the absorber

layer operable to provide a second etch stop during
etching of the second portions of the substrate; and
removing the absorber layer and the second resist

layer to form a multi-layer SFIL template.

16. The method of Claim 15, wherein:

the first portions of the substrate have a first

. depth; and

the second portions of the substrate have a second
depth, the first depth approximately two times greater
than the second depth.

17. The method of Claim 15, wherein:

the first pattern corresponds to a metal layer in a
dual damascene structure; and

the second pattern corresponds to a via layer in the

dual damascene structure.

18. The method of Claim 15, wherein the substrate
comprises a material selected from the group consisting
of quartz, synthetic quartz, fused silica, magnesium

fluoride, and calcium fluoride.

ATIGNT +4224QR 1
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19. The method of Claim 15, wherein the absorber
layer comprises a material selected from the group

consisting of chrome, chromium nitride, and copper.

20. The method of Claim 15, wherein the absorber

layer comprises a metallic oxy-carbo-nitride.

2. The method of Claim 20, wherein the metallic
component of the metallic oxy-carbo-nitride igs selected
from the group consisting of chromium, cobalt, iron,
zinc, molybdenum, niobium, tantalum, titanium, tungsten,

aluminum, magnesium, and silicon.

22. The method of Claim 15, wherein the first
resist layer is operable to provide an etch stop during
etching of the first exposed portions of the absorber

layer.

23. The method of Claim 15, wherein the second
resist layer is operable to provide an etch stop during
etching of the second exposed portions of the absorber

layer.

24. A multi-layer SFIL template, comprising:

a substrate;

a first trench formed in the substrate at a first
depth, the first trench corresponding to a metal layer of
a dual damascene structure on a semiconductor wafer using
an SFIL process; and

a second trench formed in the substrate at a second
depth, the second trench corresponding to a via layer of

the dual damascene structure; \
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the first and second trenches formed in the
substrate by etching the substrate and using an absorber

layer as an etch stop.
25. The template of Claim 24, wherein the first
depth is approximately two times greater than the second

depth.

26. The template of Claim 24, wherein the substrate

comprises a material selected from the group consisting

of quartz, synthetic quartz, fused silica, magnesium

fluoride, and calcium fluoride.
27. The method of Claim 24, wherein the absorber
layer comprises a material selected from the group

consisting of chrome, chromium nitride, and copper.

28. The template of Claim 24, wherein the absorber

comprises a metallic oxy-carbo-nitride.

:29. The template of Claim 28, wherein the metallic

-component of the metallic oxy-carbo-nitride is selected

from the group consisting of chromium, cobalt, iron,
zinc, molybdenum, niobium, tantalum, titanium, tungsten,

aluminum, magnesium, and silicon.

30. The template of Claim 24, further comprising
the first and second trenches formed in the substrate by
etching the absorber layer and using a resist layer as an

etch stop.
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