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METHODS OF FORMING PATTERNS

CROSS-REFERENCE TO RELATED APPLICATIONS
[ooot] This application claims priority to of U.S, Provisional Application No.
63/233,559, filed on August 16, 2021, and U.S. Non-Provisional Application No. 17/519,202,

filed on November 4, 2021, which applications are hereby incorporated herein by reference.

TECHNICAL FIELD
[ooo2]  The present invention relates generally to a method of processing a substrats,

and, in particudar embodiments, to a method of forming patterns.

BACKGROUND

[ooo3] Generally, a semiconductor device, such as an integrated circuit (IC) is fabricated
by sequentially depositing and patterning lavers of dielectric, conductive, and semiconductor
materials over a semiconductor substrate to form a network of electronic components and
interconnect elements (e.g., transistors, resistors, capacitors, metal lines, contacts, and vias)
integrated in a monolithic structure. At each successive technology node, the minimum

feature sizes are shrunk to reduce cost by roughly doubling the component packing density.

foooq}  Photolithography is a coramon patterning raethod in semiconductor fabrication.
A photolithography process may start by exposing a coating of photoresist comprising a
radiation-sensitive material to a pattern of actinic radiation to define a relief pattern. For
example, in the case of positive photoresist, irradiated portions of the photoresist may be
dissolved and removed by a developing step using a developing solvent, forming the relief
pattern of the photoresist. The relief pattern then may be transferred 1o a target layer below
the photoresist or an underlying hard mask laver formed over the target layer. Innovations
on photolithographic technigques may be needed 1o satisfy the cost and quality requirements

for patterning at nanoscale features.
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SUMBMARY

[ooos] In accordance with an embodiment of the present invention, a method of formiing
sub-resohution features that inclades: exposing a photoresist layer formed over a substrate to
a first ultraviolet light (UV) radiation having a first wavelength of 365 nm or longer through
a mask configured t¢ form features at a first eritical dimension, the photoresist layer
including first portions exposed to the first UV radiation and second portions unexposed to
the first UV radiation after exposing with the first UV radiation; exposing the first portions
and the second portions to a second UV radiation; and developing the photoresist layer after
exposing the photoresist layer to the second UV radiation to form the sub-resolution features

having a second critical dimension less than the first critical dimension.

[ooo6}  In accordance with an embodiment of the present invention, a method of forming
sub-resohiution features that inclades: exposing a photoresist layer formed over a substrate to
a first ultraviolet ight (UV) radiation having a first wavelength of 365 nm or longer through
a first mask configured to form features at 3 first eritical dimension, the photoresist layer
inchiding first portions exposed to the first UV radiation and second portions unexposed to
the first UV radiation after exposing with the first UV radiation; developing the photoresist
layer after exposing the photoresist layer to the first UV radiation to remove the first
portions; depositing a resin over the photoresist layer; and exposing the second portions to a
second UV radiation having a second wavelength; developing the photoresist layer after
exposing the photoresist layer to the second UV radiation to form the sub-resclution features
having a second critical dimension less than the first critical dimension, the sub-resolution

features including a trench between the photoresist layer and the resin.

fooo7] In accordance with an embodiment of the present invention, a lithography tool
that inclades: a chamber sized and configured to receive a wafer for processing; a wafer

holder to hold a 200 mm wafer; a first ultraviclet light (V) radiation source configured to
emit a first UV radiation having a first wavelength of 365 nm, the first UV radiation source

configured to form first features having a first eritical dimension larger than a first optical
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resoiution limit based on the first UV radiation; a second UV radiation sourcs configured to
emit a second UV radiation having a second wavelength, the second UV radiation source
configured to form second features having a second critical dimension larger than a second
optical resolution limit based on the second UV radiation; where the lithography tool
inchudes instructions 1o expose a photoresist layer formed over the wafer with the first UV
radiation through a first mask configured to form the first features at the first critical
dimension, the photoresist laver including first portions exposed to the first UV radiation
and second portions anexposed to the first UV radiation: and expose the second portions to
the second UV radiation o define sub-resolution features having a critical dimension less
than the first optical resolution Hmit.

BRIEF DESCRIPTION OF THE DRAWINGS

fooo8]  For a more complete understanding of the present invention, and the advantages
thereof, reference is now made to the following deseriptions taken in conjunction with the

accompanying drawings, in which:

foongl  Figure 1 illustrates an example processing tool comprising a lithography tool and

an image projection system for a secondary exposure in accordance with an embodiment.

[0010] Figures 2A-2R illustrate a substrate at different stages of a method of forming
sub-resolution features comprising spacer patterning in accordance with various
emnbodiments, wherein Figure 24 illustrates a cross-sectional view of an incoming substrate
comprising a photoresist layer, Figure 28 illustrates a top view of Figure 2A, Figure 2C
illustrates a cross-sectional view of the substrate after a first exposure to a first ultraviolet
{UV) radiation, Figure 2D illustrates a top view of Figure 2C, Figure 2E illustrates a cross-
sectional view of the substrate after starting a second exposure t¢ a second ultraviolet {UV)
radiation, Figure 2F ilustrates a top view of Figure 2E, Figure 2G illusirates a cross-sectional
view of the substrate after completing the second UV exposure, Figure 2H illustrates a top
view of Figure 2G, Figure 21 illustrates a cross-sectional view of the substrate after

developing, Figure 2.J iflustrates a top view of Figure 21, Figure 2K illustrates a cross-

[#%]
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sectional view of the substrate after depositing a spacer material, Figure 2L illustrates a top
view of Figure 2K, Figure 2M illustrates a cross-sectional view of the substrate after
performing a spacer etch back, Figure 2N illustrates a top view of Figure 2M, Figure 20
illustrates a cross-sectional view of the substrate after performing a pull etch, Figure 2P
ilhustrates a top view of Figure 20, Figure 20 illustrates a cross-sectional view of the
substrate after performing a pattern transfer etch, and Figure 2R llustrates a top view of

Figure 243,

foo] Figures 3A-3J illustrate a substrate at different stages of a method of forming
sub-resolution features comprising anti-spacer patterning in accordance with an alternate
embodiment, wherein Figure 34 illustrates a cross-sectional view of the substrate after a first
exposure 1o a first UV radiation followed by developing to remove irradiated portions of a
photoresist, Figure 3B illustrates a top view of Figure 34, Figure 3C illustrates a cross-
sectional view of the substrate after depositing a resin, Figure 3D illustrates a top view of
Figure 3C, Figure 3F illusirates a cross-sectional view of the substrate after a second
exposiwe to a second UV radiation to generate an acid and form acid-reacted lavers,

Figure 3F illustrates a top view of Figure 3R, Figure 3G illustrates a cross-sectional view of
the substrate after developing 1o remove the acid-reacted layers, Figure sH fllustrates a top
view of Figure 3G, Figure 31 illustrates a cross-sectional view of the substrate after

performing a pattern transfer etch, and Figure 3.J illustrates a top view of Figure 31,

[oo12] Figures 4A-4H illustrate a substrate at different stages of a method of forming
sub-resolution features comprising anti-spacer patterning in accordance with yet another
embodiment, wherein Figure 44 illustrates a cross-sectional view of the substrate after a first
exposure to a fivst UV radiation, developing to remove irradiated portions of a photoresist,
and a second expostire to a second UV radiation, Figure 4B illustrates a top view of

Figure 4A, Figure 4C illustrates a cross-sectional view of the substrate after depositing a
resin, Figure 40 illustrates a top view of Figure 4C, Figure 4F illustrates a cross-sectional

view of the substrate after developing to remove a top portion of the resin and portions of the



1

1

2

£3

(53]

(5]

8

5

G

WO 2023/022996 PCT/US2022/040368
210178W001

photoresist that absorbed the second UV radiation, Figure 4F illustrates a top view of
Figure 4E, Figure 4G illustrates a cross-sectional view of the sithstrate after performing a

pattern transfer etch, and Figure 4H illustrates a top view of Figure 4G, and

[0013] Figure 5A and 5B iBustrate process flow charts of methods of sub-resolution
features in accordance with various embodiments, wherein Figure 54 illustrates an
embodiment process flow (e.g., Figures 2A-2J), and Figure 58 illustrates alternats

embodiment process flows {e.g., Figures 3A-3H and Figures 4A-4F).

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[oo14] This application relates to a system and method of patterning sub-resolution
features, more particularly to a photolithographic technique using a secondary exposure of
an altraviolet (UV) radiation to shrink feature sizes. With using the secondary exposure, the
embodiment methods may advantageously enable patterning features smaller than an
optical resolution using a lithography tool with a primary ultraviolet irradiation at 365 nm or

higher.

[o015] Generally, the minimum feature size for a manufacturable process may be hmited
by the optical resoluticn, which depends on a photolithography system. The development of
advanced photolithography equipment has continucusly improved the optical resolution. For
example, deep ultraviolet (DUV) 193 nm immersion photolithography systems can print
feature sizes down to about 40 run. However, such immersion photolithography systems are
not available on 200 mm wafer tools or otherwise expensive 1o retrofit 200 mm wafer flow
with such equipment. On the other hand, there are many older equipinent with longer
wavelength still being used in various applications including 200 mm wafer applications,
and there is a long felt need for using such older equipment to produce small features only
accessible by high end equipment, for example, features less than 200 nm. As discussed
below, various embodiments discussed herein enable forming such features without relying

on expensive lithographic techniques such as DUV and immersion in water.
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[0016] Various embodiments desceribe methods based on a primary reticle-based
exposure 1o a first ultraviolet (V) radiation and a secondary exposure to a second UV
radiation. In certain embodiments, the first UV radiation may have a wavelength longer than
193 nm, for example, 365 nm (i-line) or longer, advantageously enabling the use of i-line
Iithography tools or the like (e.g., g-line and h-line}. An image projection system may be used
for the second exposure to form seb-resolution features by shrinking feature sizes defined by
the first reticle-based UV exposure. The sub-resolution features, for example, critical
dimensions {CD) less than 200 nm, may be useful in many chips fabricated from 200 mm
wafer, Further, even smaller features may be enabled by combining this secondary exposure
method with other patterning techniques such as spacer patterning and anti-spacer
patterning. In such embodiments, the embodiment methods may also advantageously

control an aspect ratic of features by shrinking the height of features.

foo17] In the following, an example processing is first illustrated in Figure 1. A process of
a secondary exposure method of forming sub-resolition features coupled with spacer
patterning is then described referring to Figures 2A-2R. An alternate embodiment method
coupled with anti-spacer patterning using acid diffusion is next described referring to
Figures 3A-3J. Another embodiment coupled with anti-spacer patterning is then described
referring to Figures 4A-4H. All figures are drawn for illustration purpose only and not to

scale.

[0018] Figure 1 iflustrates an example processing tool 10 comprising a lithography toof 11
and an image projection system 12 for a second UV exposure in accordance with an

embodiment.

[oo19] In the exanple embodiment illustrated in Figure 1, both the lithography tool 11
for a first UV exposure and an image projection system 12 for a second UV exposure are
contained in a processing chamber 100, enabling performing the embodiment method
continucusly without transferring the substrate 110 from one processing chamber to another.

In other emhodiments, two UV exposures used in the method of this disclosure may be
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performed separately in different chambers of a processing tool or in different processing

tools.

foozo]  In Figure 1, the processing chanber 100 can be sized for receiving a substrate 110.
The substrate 110 may comprise a seniconductor substrate in various embodiments. In
certain embodiments, the substrate 110 may be a 200 mm silicon wafer and the processing
chamber 100 may be accordingly sized to house the image projection system 12. The
substrate 110 may be a silicon wafer, or a silicon-on-insulator (301} wafer. In certain
embodiments, the substrate 110 may comprise a germanium wafer, silicon germanium wafer,
silicon carbide wafer, gallinm arsenide wafer, gallium nitride wafer and other compound
semiconductors. n other embodiments, the substrate 110 comprises heterogeneous layers
such as silicon germanium on silicon, gallim nitride on silicon, silicon carbon on silicon, as
well layers of silicon on a silicon or SOI substrate. The substrate 110 may be a reflective or

non-reflective silicon wafer with any type of coating.

fooz1] The semiconductor structure may have undergone a number of steps of
processing following, for example, a conventional process. For example, the semiconductor
structire may comprise a substrate 110 in which various device regions are formed. At this
stage, the substrate 110 may include isolation regions such as shallow trench isolation (ST

regions as well as other regions formed therein.

foo22]  The substrate 110 may be held by a substrate holder 122, The substrate holder 122
may further be coupled to a substrate alignment syster 124 configured to align an image

orto a workable area on the substrate 110.

[oozal The lithography tool 11 may be a conventional lithography tool without features
such as deep uliraviolet (DUV) 193 nm immersion photolithography. In various
embodiments, the lithography tool 11 may be a conventional i-line lithography tool
configured to fabricate a 200 mm silicon wafer, The lithography tood 11 may comprise a first
uliraviolet (UV} light source 102 configured to irradiate a first UV radiation 104 having a first

wavelength of 365 nm. In various embodiments, the UV light source 102 may comprise a gas

~1
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based laser source such as a high pressure mercury vapor lamp or a solid state laser source
such as GaN laser. In one or more embodiments, the first wavelength may be greater than
365 nm, for example 405 nm (h-fine) or 436 nm {g-line}. An optional reflector 106 may be
used to align the direction of the first UV radiation 104 depending on the positions of the
light source 102 and the substrate 110. The first UV radiation 104 may be irradiated through
a first lens systern 108 and a photomask 112 {a first UV expostre). A reticle may be used as
the photomask 112. The first lens system 108 may be a condenser lens system configured to
scale down a pattern of the photomask 112 during the first UV exposure. Accordingly, the
photomask 112 and the substrate 110 may not necessarily be inn the saime scale. In certain
enbodiments, the photomask 112 may comprise a fused silica plate with a shape of a 6-inch
square. The above configuration of the lithography tool 11 is described for example only, and
other systems may be used in combination with an image projection system to perform

various embodiment methods of this disclosure.

foozg]  Still referring to Figure 1, the image projection system 12 includes a light

souree 114 which can be located within, adjacent to, or remote from the processing

chamber 100. The light source 114 may be configared to generate a second UV radiation 116
having a second wavelength. The second wavelength may be selected so that the second UV
radiation 116 may have an effect of lithography for a photoresist material used in the method.
Accordingly, the second wavelength may be shorter or longer than the first wavelength.
Alternately, the first and second wavelengths may be the same. In such an embodiment, the
intensity and/or exposure Hime may be differed to allow the second UV radiation 116 o form

sub-resolution features.

[0025] In certain embodiments, the ight source 114 may comprise an excimer laser such
as a argon flooride (ArF} laser at 193 nm, a krypton fluoride (KrF) laser at 248 nm, a xenon
chloride (XeCl) laser at 308 and 450 nm, a xenon fluoride (XeF) laser at 353 and 459 nm, or
a helium cadmium (HeCd) laser at 325-442 nm, or a solid state laser such as a Nd-YAG

266 nm laser. In some embodiments, the second wavelength may be 248, 266, or 405 nm,
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and Hght sources for these wavelengths may be economically advantageous compared to

extreme ultraviolet (EUV) laser sources.

foo26]  Alaser heam can be a collimated high intensity beam to more efficiently heat and
treat, Light source characteristics can be tailored 1o a particular substrate being treated. Tn
one or more embodiments, the second UV radiation 116 may be a blanket radiation pattern
that exposes the whole wafer. Alternatively, the second UV radiation 116 may be scanned
across the substrate 110. The second UV radiation 116 may be spatially controlled by the
image projection system 12 to enable fine turning of feature sizes, e.g., to maintain across
wafer variations. In certain embodiments, the second UV exposure may be pixel based,
where the area of the substrate 110 o be treated is divided by a grid into multiple cells and
conditions of the second UV exposure are individually selected for each cell. The pixel-based
second UV exposure may be performing using a light projection devics 118 comprising a
digital Hght processing (DLP} chip, grating light valve (GLV}, or other light valve technology.
A second lens system 120 may be used to produce an image the size of the substrate 110 onto
the substrate 110 with minimal aberrations. In various embodiments, for example, the image

projection system 12 may be capable of a spatial resolation at about 1-2 mm.

{oo27] Figures 2A-2R illustrate a substrate at different stages of a method of forming

sub-resolution features in accordance with various embodiments.

{0028} In Figores 2A and 28, a substrate 110 may comprise an intermediate layer 210
formed over the substrate 110. The intermediate layer 210 may be a target for pattern
transfer in subsequent processing after photolithography. In various embodiments, the
intermediate laver 210 may coraprise silicon, silicon oxynitride, organic material, non-
organic material, or amorphous carbon. In certain embodiments, the intermediate layer 210
may also be selected to have anti-reflective properties such as by using a stlicon bottom anti-
reflective coating (Si-BARC). In one or more embodiments, the intermediate layer 210 may
be a mask layer comprising a hard mask. The hard mask may comprise silicon nitride, silicon

dioxide (8i02), or titanium nitride. Further, the intermediate laver 210 may be a stacked
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hard mask comprising, for example, two or more lavers using two different materials. A first
layer of the hard mask may comprise a metal-based layer such as titanium nitride, fitanium,
tantalum nitride, tantalum, tungsten based compounds, ruthenium based compounds, or
aluminum based compounds, and a second layer of the hard mask may comprise a dielectric
laver such as silicon dioxide, silicon nitride, silicon oxynitride, siicon carbide, amorphous
silicon, or polyerystalline silicon. The intermediate layer 210 may be deposited using
deposition techniques such as vapor deposition including chemical vapor deposition (CVD),
physical vapor deposition (PVD), and atomic layer deposition {ALD), as well as other plasma

processes such as plasma enhanced CVD {(PECVD), sputtering, and other processes.

foo2g]  Alaver of a photoresist 220 may be deposited over the intermediate layer 210,
£.2., Using a coating process or a spin-on process. In various embodiments, the

photoresist 220 may comprise a Hght sensitive organic material, and may be applied from a
solution by, for examiple, a conventional spin coating technique. In some embodiments, the
photoresist 220 may comprise a positive tone resist or alternatively a negative tone resist. In
certain embodiments, the solution of the photoresist 220 may be dispensed from a dispenser
equipped in a processing tool. The photoresist 220 may aniformly cover the entire upper

surface of the substrate 110 (Figure 2B).

{o030] Figures 2C and 2D illustrate the substrate 110 after a first exposure to the first

ultraviolet (UV) radiation 104.

(D031} In Figures 2C and 2D, in response to the first UV exposure, portions that are
exposed 1o the first UV radiation 104 (first reacted portions 230} are photochemically
reacted. In various embodiments, as a result of the first UV exposure, the first reacted
portions 230 may be dissolvable in a developing solvent, and may be removed in a later step.
As fllustrated in Figures 2C and 2D, portions of the photoresist 220 that are not exposed 1o
the first UV radiation 104 remains intact and not reacted. In certain embodiments, a post-

exposure bake may be performed by thermally treating the substrate 110, for example, a soft
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bake may be performed in some embodiments. In one or more embodiments, the post-

exposure bake may be performed at 80-140°C.

[oo32]} Figures 2F and 2F illustrate the substrate 110 after starting a second exposure to a

second ultraviolet (V) radiation.

{oo33] In Figures 2F and 2F, a second UV radiation 116 is irradiated (a second UV
exposure) using an image projection system {e.g., the iinage projection system 12 in

Figure 1. The second UV exposure may photochemically modify the portions of the
photoresist 220 that were not exposed duaring the first UV exposure, forming second reacted
portions 240. Chemically, the second reacted portions 240 are similar to the first reacted
portions 230 sspecially when no post exposure bake is performed, however, they are

ithastrated as different regions for explanation.

[ooz4] In various embodiments, the absorption coefficient of a material irradiated (e.g.,
the photoresist 220} may be greater in the second UV exposure than in the first UV exposure.
In other words, the penetration depth of the second UV radiation 116 into the

photoresist 220 is less than the first UV radiation 104. By selecting the wavelength and
exposure conditions appropriately, the second UV exposure forms a layer of second reacted
portions 240 at the top and sidewalls of the unreacted portions of the photoresist 220. In
other words, the second UV exposure is finely tuned to leave some portions of the
photoresist 220 unreacted. The layer of the second reacted portions 240 may further be
expanded by increasing a dose of the second UV exposure, as described below referring to
Figures 2 and 2H. The dose may be increased by increasing the light intensity, the exposure

time, or both.

fooss] Figares 2G and 2H illustrate the substrate 110 after completing the second UV

exposure,

[o036] In Figores 2G and 2H, the substrate 110 is exposed to a greater dose of the second

UV exposurs than Figure 28, As a result, the second reacted portions 240 are greater and the

i1
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unreacted portions of the photoresist 220 is smaller compared with Figure 28, Applyving the
second UV exposure as above may be therefore used to shrink feature sizes defined by the

unreacted portions of the photoresist 220 {e.g., compare Figure 2C and Figure 2G).

[ooay Similar to the first reacted portions 230, the second reacted portions 240 may be
dissolvable in a developing sclvent, and may be removed in a later step. As further deseribed
in detail below with different embodiments, the first reacted portions 230 and the second
reacted portions 240 may be removed together in a single development step {e.g., Figures 21
and 2.5}, Alternately, in certain embodiments, more than one development steps may be
performed to remove them separately (e.g., Figures 3A-3H and Figures 4A-4F), enabling

various patterning techniques such as spacer/anti-spacer patterning,

[oo38]  Invaricus embodiments, the second UV expostire may be performed as a flood
exposure (1.2., a blanket radiation with no pattern). This may be used to achieve shrinking of
features across the substrate 110 aniformly, In other embodiments, the second UV exposure
may be performed by a spatially-controlled projection using an image projection system as
described above. Although the figures illustrate only a single set of features {e.g., the
photoresist 220}, different features at different locations on the substrate 110 may be treated
under different conditions {e.g., different doses) of the second UV exposure by the spatially-
controlled projection. This may be useful in fine tuning critical dimensions (CD) created by a
scanner, stepper, or other reticle-based exposure system (e.g., i-line lithography tool} during
the first UV exposure. For example, as the second UV radiation 116 may be scanned across
the substrate 110, the dose may be varied to account for variations such as across wafer
variations. Combining stich spatial light projection with Hthographic exposure can also
achieve significant iraprovements in CD uniformity {CDU) across a surface of a substrate. In
other words, the second UV exposure {e.g., pixel-based) in combination with the first UV
exposure {e.g., lithographic reticle-based exposure) can correct feature dimensions that

would otherwise be unacceptable or cause defects.
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[oo30]  Accordingly, the embodiments of this disclosure may advantageously provide
varicus benefits in relaxing requirements for a lithography tool {e.g., the lithography tool 11
in Figure 1}. For example, the capability of CD correction by the second UV expostire may
allow a wider variation in the initial film thickness/surface roughness of a photovesist layer
{e.g., the photoresist 220 in Figure 2A), and a photoresist may be applied in a single step. In
conventional methods, mukltiple chemicals may need to be applied to a substrate to form a
photoresist film within an acceptable variation of the film thickness/surface roughness,
which may require a greater storage and dispensing capacity of chemicals for the lithography
tool, The embodiment methods may allow a lithography tool with a low storage and
dispensing capacity of chemicals to be used. Further, only a single chemical may be needed
as the requirement for the film thickness uniformity may be esased by the embodiment

methods.

foogo]l A post exposure hake is performed after the second UV radiation 116. The post
exposure bake may be common to both the first UV radiation 104 and the second UV

radiation 116 in some embodiments.
{oo41] Figures 21 and 2J illustrate the substrate 110 after developing.

[o042]  In Figures 2 and 2.J, the substrate 110 is treated by a conventional developing
method using a developing sohution to remove the first reacted portions 230 and the second
reacted portions 240. As a result, the unreacted portions of the photoresist 220 and the
intermediate fayer 210 are exposed {Figure 2J). Developing of a photoresist may be
performed using a developing solution. In various embodiments, the developing solution
may comprise a metal iron free (MIF} developer, for example, an agueous solution of
tetramethylammonium hydroside (TMAH). In other embodiments, the developing sohution
may comprise a metal ion containing developer, for example, an aqueous solation of sodinm
hydroxide (NaOH) or potassium hydroxide (KOH}. In varicus embodiments, owing to the
secondary UV exposure, the feature sizes of unreacted portions of the photoresist 220 at this

stage roay be smaller than optical resolution of a conventional i-line Hithography tool (e.g.,

t
v}
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sub-microns). For example, in certain embodiments, the critical dimension {CD) and the
height of unreacted portions of the photoresist 220 may be 200 nm or less. In ong
embodiment, the secondary exposure may shrink the feature size (e.g., the photoresist 220 in
Figure 2C to Figure 21} in CD by 40% and in height by 80%. These shruunk feature sizes of the
photoresist 220 may be used as a relief pattern for subsequent stching process steps of
semiconductor fabrication. The embodiment method enables conventional lithography tools
to form sub-resolution features without relying on more expensive lithography tools such as
deep wtraviolet (DUV) and/or immersion lithography that are typically available for only

300 mun fabs.

[0043] Furthermore, even smaller features, for example, less than 100 nm, may be
achieved by the embodiment method that utilizes the sub-resclution features as a mandre]
for a subsequent spacer or anti-spacer patterning. For example, spacer patterning may be
used to form a narrow line feature, and anti-spacer patierning may be used to form a narrow
trench feature. In the following, embodiments comprising spacer/anti-spacer patterning are

described referring to Figures 2K-2R, 3A-3J, and 4A-4H.
[o044] Figures 2K and 2L illustrate the substrate 110 after depositing a spacer material.

[0045] In Figores 2K and 2L, a spacer 250 may be depostted over the substrate 110. In
various embodiments, the spacer 250 may be deposited using a conformal deposition
process such as atomic layer deposition (ALD) or any other conformal deposition technique
used within semiconductor device fabrication. The spacer 250 may comprise silicon oxide,
silicon nitride, titanium nitride, titaniwm oxide, or any other type of oxide or insulating
material known within the art. In one or more embodiments, the thickness of the spacer 250

is between 5 run and 10 nm.

[o046] Figures 2M and 2N illustrate the substrate 110 after performing a spacer etch

back.

PCT/US2022/040368
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[0047] In Figores 2M and 2N, the spacer 250 is etched by an anisotropic etching process,
such as reactive ion etch {RIR}, In the spacer etch back, the spacer 250 may be removed
selectively from the substantially horizontal surfaces comprising the surface of the floor and
the top surface of the mandrel (e.g., the remaining photoresist 220}, thereby forming
sidewall spacers adhering to the near-vertical edges of the mandrel. In various embodiments,
the spacer etch back may be timed to expose the top surfaces of the photoresist 220, the
intermediate layer 210, or both. Alternatively, the spacer etch back may be stopped at an

optional underlying etch stop layer that may be deposited over the intermediate layer 210.

{0048} Figures 20 and 2P illustrate the substrate 110 after a pull stch to remove the

remaining photoresist 220.

[po40]  In Figures 20 and 2P, the remaining photoresist 220 is then removed by the pull
etch. In various erabodinaents, the pull etch may be performed by a conventional wet eiching
process. Alternately, the pull etch may be performed by an anisotropic plasma eteh process,
such as reactive ton etch (RIE). In certain embodiments, the spacer eich back {e.g.,

Figures 2M and 2N) and the pull etch (e.z., Figures 20 and 2P) may be performed in a single
plasma etch chamber. With the mandrel removed, fres standing spacers are left behind that
may serve as elch/hard mask in a following step to etch an underlying laver {e.g., the

intermediate layer 210).

fooso] By applying a spacer patterning technique to the sub-resolution feature (e.g., the
photoresist 220) enabled by the embodiment meathod, it is possible to obtain features with
smaller pitches and linewidths (e.g., 2 narrow line feature with a critical dimension (CD) less
than 200 nm). Further, the embodiment method based oo the second UV exposure to shrink
features may provide another benefit of height control, As illustrated in Rigores 2M and 20,
the height of the spacer 250 may primarily depend on the height of photoresist 220. In a
conventional i-line lithography method, the photoresist 220 may have a height of oo nmto
o0 nm. If a spacer is formed on such a thick photoresist, the resulting aspect ratic of the

spacer is very high, which will likely cause line wiggling and pattern collapse and hence
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cannot be used for patterning the intermediate layer 210. In contrast, by reducing the height
of the photoresist 226 using embodiments described herein, such pattern collapse can be
avoided due to the lower aspect ratic. In other words, applying the second UV exposure to
shrink the height of features (e.g., the photoresist 220} according to the embodiment method
may overcome this issue by reducing the resulting aspect ratio of the spacer {e.g., the

spacer 250). In certain embodiments, the height of the spacer 250 between 20 nm and

150 it may be obtained. Further, the aspect ratic (the ratio of height over linewidth) of 5 or

lass may be obtained with the embodiment method.

foos1] Figures 20 and 2R illustrate the subsirate 110 after performing a pattern transfer

etch.

[oos2] In Figures 2Q) and 2R, the intermediate layer 210 is etched with the spacer as an
etch mask by an anisotropic etching process, such as reactive ion etch {R1E). The anisotropic
etching process transfers the spacer pattern 1o the intermediate Tayer 210, In various
embodiments, the transferved patiern in the intermediate layer 210 may be formed as part of
a multiple patterning process such as self-aligned deuble patterning (SADP), self-aligned
quadruple patterning (SAQP}, or any other multiple patterning techniques known within the
state of the art. In various erabodiments, the transferred pattern may be used to form a
contact hole, metal line, gate line, isolation region, and other features usetul in

semiconductor fabrication.

foosal Figures 3A-3J illustrate a substrate at different stages of a method of forming

sub-resolution features comprising anti-spacer patterning in accordance with an aliernate
embodiment. In this embodiment method, an overcoat roaterial and a solubility-changing
agent may be used 1o generate a narrow trench feature with a second exposure 1o a second

UV radiation.

{oos4] Figure 3A and 3B illustrate a substrate 110 after a first exposure to a first UV

radiation followed by developing to remove irradiated portions of a photoresist 220.



(5]

10

20

WO 2023/022996 PCT/US2022/040368
210178W001

[oos5] In Figores 3A and 38, the photoresist 220 formed over the intermediate laver 210
on the substrate 110 {e.g., Figure 2A) is patterned by the first UV exposure (e.g., Figure 2C).
Unlike the prior embodiment, instead of a second UV exposure, a developing step may be
performed after the first UV exposure and a post exposure bake to remove the first reacted
portions {e.g., the first reacted postions 230 in Figure 2C). The post exposure bake may be
performed by heating the substrate 110 to a temperature between 80 C and 14¢ C in various
embodiments. The developing step may be performed by a conventional developing method
as previously described referring to Figure 21. As a resuilt, a pattern of the photoresist 22

{e.g., a line) is formed over the intermediate layer 210.

fooss]  Further illustrated in Figures 34 and 3B, the photoresist 220 may comprise a
solubility-changing agent 305 for anti-spacer patterning. The solubility-changing agent 305
may comprise a photo acid generator stich as a temperature-activated generator or
temperature acid generator (TAG). The photo acid generator can be temperature-activated in
that heating the solubility-changing agent 305 above a threshold temperature causes photo

acid 1o be generated within the photoresist 220.
{oos7] Figures 3C and 3D illustrate the substrate 110 after depositing a resin 310.

fons8] In Figores 3C and 3D, the resin 310 is deposited as an overcoat material over the
substrate 110. In various embodiments, the resin 310 may be deposited using a coating
process of a spin-on process. Although not specifically llustrated, a layer of the resin 310
may cover the top surface of the photoresist 220 in addition to the sidewalls. In various
embodiments, the resin 310 may comprise a second photoresist. The resin 310 may be of the
same composition as the photoresist 220 or a different composition from the

photoresist 220. In some embodiments, the resin 310 may comprise a chemically anplified
photoresist. The chemically amplified photoresist may be an acid-catalyzed or base-catalyzed
material. In certain embodiments, the resin 310 may include a bottom anti-reflective coating

{BARC) material moditied to be suitable for a solubility change by acid or base diffusion.
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{oos59] Figures 3E and g¥ illustrate the substrate 110 after a second exposure to a second

UV radiation 116 to generate an acid and form acid-reacted layers 320,

foocbo]  In Figures 3F and aF, the second UV exposure may be performed using the
second UV radiation 116 using the image projection system as described above. To certain
embodiments, a second photomask 315 may optionally be used, as illustrated in Figure 3E.
The second photomask 315 may have holes or square openings for forming sub-resolution
features that can form contact holes. However, sub-resolution features such as metal lines or
gate lines may be formed without using the second photomask 315 in accordance with
various embodiments. In response to the second UV expostirs, the solability-changing

agent 505 may generate a photo acid in the photoresist 220 and the photo acid diffuses
laterally into the resin 310 through the interface between the photoresist 220 and the

rasin 310, As a result, the acid-reacted layers 320 may be formed from the resin 310 on the
sidewalls of the photoresist 220. The photo acid may induce a change in the solubility as it
diffuses into the resin 310, where the solubility of the acid-reacted layers 320 is higher in one
or more developing solvents than the resin 310 and the photoresist 220. In one or more
embodiments, where the layer of the resin 310 covers the top surface of the photoresist 226,
the acid-reacted lavers 320 may further comprise a lateral portion formed over the top

surface of the photoresist 220.

[o061] The thickness of the acid-reacted layers 320 may depend on the diffusivity of the
photo acid generated. Accordingly, the molecidar weight of a photo acid generator may be
selected based on a desired diffusivity of the photo acid at a particular temperature. A
process temperature may also be controlled to achieve the desired thickness of the acid-
reacted layers 320. In certain embodiments, a cross-linking agent may also be used to

prevent the photo acid from changing a solubility of the photoresist 220.

[oo62] Figures 3G and 31 illustrate the substrate 110 after developing to remove the

acid-reacted layers 320,
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[0063] In Figores 3G and 3H, the subsirate 110 is treated by a second developing solvent
by a conventional developing method as previously deseribed referring to Figure 21. The
second developing solvent may have a similar composition as the first developing solvent,
but it some embodiments, may have a different composition. After developing, the acid-
reacted layers 320 are selectively removed, forming narrow trenches 330 between the
sidewalls of the photoresist 220 and the resin 310 as an anti-spacer pattern. The second
developing solvent may be selected to have a selectivity to the photoresist 220 and the

resin 310.

[00G4]  Figures 31 and 3J illusirate the substrate 110 after performing a pattern transfer

etch.

[0065] In Figures 31 and 3J, the intermediate laver 210 is etched by an anisotropic
etching process, such as reactive ion etch (RIE}. The anisotropic stching process transfers
the anti-spacer pattern {the trenches 330} 10 the intermediate Tayer 210, Tn various
embodiments, the transferved pattern may be used to form a contact hole, a via, a metal lne,

gate line, isolation region, and other features useful in semiconductor fabrication.

[oo66] Figures 4A-4H illustrate a substrate at different stages of a method of forming
sub-resolution features comprising anti-spacer patterning in accordance with vet another

embodiment.

[0067] Figures 4A and 48 illustrate a substrate 110 after a first exposure to a first UV
radiation, developing to remove irradiated portions of a photoresist 220, and a second

exposure to a second UV radiation 116.

[co68] In Figures 4A and 438, the substrate 110 is treated by several process steps. The
photoresist 220 formed over the intermediate layer 210 on the substrate 110 (2.g., Figure 24A)
is patterned by a first UV exposure {e.g., Figure 2C). Next, similar to the prior embodiment
of anti-spacer patterning {e.g., Figure 3A), a developing step is performed after the first UV

exposure t¢ remove the first reacted portions. Further, the second UV expostre is performed

19
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to form second reacted portions 240. Formation of the second reacted portions 240
resembles the prior embodiment of spacer patterning {e.g., Figure 2E). However, in this
embodiment method, the developing step is performed prior to the second UV exposure and
therefore the first reacted portions are already removed (e.g., the first reacted portions 230
in Figure 2E). Consequently, a pattern of the second reacted portions 240 is formed over the
intermediate laver 210, where the anreacted portions of the photoresist 220 are embedded

inside the second reacted portions 240.
fooGg]  Figures 4C and 4D illustrate the substrate 110 after depositing a resin 310.

{oo7o] In Figures 4C and 4D, the resin 310 is deposited as an overcoat material over the
substrate 110, The resin 310 may be deposited using a coating process or a spin-on process.
In various embodiments, as illustrated in Figures 4C and 4D, the resin 310 may be deposited
1o cover the top surface of the second reacted portions 240. During the deposition process,
the height of the resin 310 relative 1o the second reacted portions 240 may be finely tuned so
that a top portion of the resin 310 may be thin enough to be removed by a subsequent

developing step and the buried second reacted portions 240 may be exposed.

foo7yi] Figures 4E and 4F illustrate the substrate 110 after developing to remove the top

portion of the resin 310 and the second reacted portions 240.

[oo72] In Figures 4E and 4F, the subsirate 110 is treated by a third developing solvent by
a conventional developing method as previously described referring to Figure 21. The third
developing solvent may have a similar composition as the first developing solvent, butin
some embodiments, may have a different composition. After developing, the second reacted
portions 240 are selectively removed, forming narrow trenches 330 between the sidewalls of
the photoresist 220 and the resin 310 as an anti-spacer pattern. The third developing solvent

may be selected to have a selectivity to the photoresist 220 and the resin 310,

eloyRy Figure 4G and 4H ilhustrate the substrate 110 after performing a pattern transfer

eteh.
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[0074] In Figores 41 and 4J, the intermediate laver 210 is etched by an anisotropic
gtching process, such as reactive ion etch (RIE). The anisotropic etching process transfers
the anti-spacer pattern (the trenches 330) to the intermediate layer 210. In various
embodiments, the transferred pattern may be used to form a contact hole, a via, a metal Hue,

gate line, isolation region, and other features useful in semiconductor fabrication.

{aors] Figure 5A and 58 illustrate process flow charts of methods of sub-resclution
features in accordance with various embodiments. Example process flows follow in
accordance with the embodiments already described above referring to Figures 24-2.,

Rigures 2A-3H, and Figures 4A-4F, and therefore the details will not be repeated.

{o076] In Figure 5A, an embodiment process flow 56 is llustrated. First, a photoresist
layer formed over a substrate {e.g., the photoresist 220 in Figure 24) is exposed to a first
ultraviolet light (UV) radiation having a first wavelength of 365 num or longer through a mask
{block 510} (e.g., Figure 2C) to form features at a first eritical dimension. The photoresist is
then exposed 10 a second UV radiation having a second wavelength less than the first
wavelength (block 520) (e.g., Figures 28 and 2G), shrinking the first eritical dimension.
Next, the photoresist is developed to form sub-resolution featuras having a second critical
dimension less than the first critical dimension (block 530) (e.g., Figure 21}. The sub-
features formed may further be used as a mandrel for spacer patterning as already described

referring to Figures 2K-2R.

[oo77] In Figure 5B, alternate embodiment process flows 51 comprising anti-spacer
patterning (e.g., Figures 3A-3H and Figures 4A-4F) are illustrated. First, a photoresist layer
forroed over a substrate {e.g., the photoresist 220 in Figure 2A) is exposed to a first
ultraviolet Hght {UV) radiation having a first wavelength of 365 nm or longer through a mask
{block 510} (e.g., Figure 2C) to form features at a first critical dimenstion, Unlike the prior
embodiment in Figure 54, the photoresist is then developed to remove portions of the
photoresist exposed to the first UV radiation (block 540) (e.z., Figure 3A). In one

enbodiment, a resin {e.g., the resin 310 in Figure 3C) is depostted over the photoresist
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(block 550} {e.g., Figure 3C), followed by exposing the photoresist to a second UV radiation
having a second wavelength {block 520) {e.g., Figure 3E). Next, the photoresist is developed
again to form sub-resclution features (block 530) (e.g., Figure 3G). The sub-resolution
features are trenches (e.g., the trench 330 in Figure 3G). Alternately, the order of resin
deposition and second UV exposure may be switched (e.g., Figures 4A-4F). After developing
{block 540), the photoresist may be exposed to the second UV radiation {block 520} to shrink
the first eritical dimension (e.g., Figure 4A). A resin {e.g., the resin 310 in Figure 4C) is then
deposited over the photaresist (block 550) (e.g., Figure 4C). Next, the photoresist is

developed again to form sub-resolution features {block 530) (e.g., Figure 4E).

fooy8]  Hmbodiments of the present application may be applied to form sub-resolution
features using conventional lithography tools particularly 200 mum wafer equipment where i-
line, g-ling, or h-line tools can be modified at low costs to form features not achisvable
without more expensive technology. For example, using embodiments of this application,
applications with isolated short gate length transistors, e.g., less than 40 nm, can be
fabricated. An example application of the embodiments described above may include
read/write heads for hard disk drive market, where the features are printed and then

chemically trimmed down to a target CD.

fooyo] Example embaodiments of the invention are summarized here. Other
embodiments can also be understood from the entirety of the specification as well as the

claims filed herein.

foo8o]  Example 1. A method of forming sub-resolution features that includes: exposing a
photoresist layer formed over a substrate 1o a first ultraviolet light {1UV) radiation having a
first wavelength of 365 nm or longer through a mask configured o form features at a first
critical dimension, the photoresist layer including first portions exposed to the first UV
radiation and second portions unexposed to the first UV radiation after exposing with the
first UV radiation; exposing the first portions and the second portions to a second UV

radiation; and developing the photoresist laver after exposing the photoresist layer to the
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second UV radiation to form the sub-resolution features having a second eritical dimension

less than the first critical dimension.

[0081] Example 2. The method of example 1, further including a spacer patterning that
inchides: depositing a layer of a spacer material over the sub-resohition features; performing
a spacer etch back to remaove a lateral portion of the spacer material; performing a pull eich
to remove the sub-resolution features and form a spacer pattern; and performing a pattern

transfer etch using the spacer pattern as an etch mask.

[0082] Example 3. The method of one of examples 1 or 2, further inchuding, before

developing, performing a post-exposure bake by thermally treating the substrate.

[oo8a] Example 4. The method of one of examples 1 1o 3, further including selecting
conditions for exposing the first portions and the second portions to the second UV radiation

o form the sub-resolution features having a height less than a first height of the features.

[0084] Example 5. The method of one of examples 110 4, further including selecting
conditions for exposing the first portions and the second portions to the second UV radiation
to form the sub-resolution features having a width between 200 nm and 360 nm, a height

between 20 nm and 900 nm, or a ratio of height to width between 3 and 100.

[008s]  Example 6. The method of one of examples 1 1o 5, where exposing the first
portions and the second portions to the second UV radiation is performed using a pivel-

based projection system having an array of independently addressable projection points.

[ooB6] Example 7. The method of one of examples 1 1o 6, where the first wavelength is

365 nm and the second wavelength is 266 nm.

[o087] Example 8, A method of forming sub-resolution features that includes: exposing a
photoresist layer formed over a substrate to a first ltraviolet Hight {UV) radiation having a
first wavelength of 365 nm or longer through a first mask configured to form features at a
first critical dimension, the photoresist layer including first portions exposed to the first UV

radiation and second portions unexposed to the first UV radiation after exposing with the
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first UV radiation; developing the photoresist layer after exposing the photoresist layer to the
first UV radiation to remove the first portions; depositing a resin over the photoresist layer;
and exposing the second portions to a second UV radiation having a second wavelength;
developing the photoresist layer after exposing the photoresist layer to the second UV
radiation to form the sub-resolution features having a second critical dimension less than the
first critical dimension, the sub-resolution features including a trench between the

photoresist layver and the resin.

[oo88]  Example ¢. The method of example 8, where depositing the resin before exposing
the second portions to the second UV radiation, the second UV radiation inducing a
photocheniical reaction generating an acid within the second portions, the acid laterally

diffusing into the resin to form acid-reacted layers on side walls of the resin.

foo8g]  Example 10. The method of example 9, where developing the photoresist layer
after exposing the photoresist laver to the second UV radiation removes the acid-reacted

lavers, and where widths of the acid-reacted layvers determine the second critical dimension.

foogo]l  Example 11, The method of one of examples 8 to 10, further including, before
exposing the second portions 1o the second UV radiation, inserting a second mask into an

optical path of the second UV radiation.

[ooo1] Example 12. The method of example 8, where the resin is deposited over the
photoresist layer after exposing the second portions to the second UV radiation, where

exposing the second portions includes forming third portions exposed to the second UV
radiation by converting a portion of the second portions, the remaining second portions

forming fourth portions not being exposed to the second UV radiation.

[oogz] Example 13. The method of example 12, where the third portions cover sidewalls

of the fourth portions.
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[o0o3] Example 14. The method of one of examples 12 1o 13, where developing the
photoresist layer includes removing top portions of the resin to expose the third portions,

and removing the third portions.

[oou4] Example 15. The method of one of examples 8 10 14, further including performing

a pattern transfer etch using the sub-resclution features as an anti-spacer.

foogs]  Example 16. A lithography tool that includes: a chamber sized and configured to
receive a wafer for processing; a wafer holder 1o hold a 200 nun wafer; a first ultraviolet light
(1V} radiation source configured to emit a first UV radiation having a first wavelength of 365
nm, the first UV radiation source configured to form first features having a first critical
dimension larger than a first optical resolation Hmit based on the first UV radiation; a
second UV radiation source configured 1o emit a second UV radiation having a second
wavelength, the second UV radiation source configured to form second features having a
second critical dimension larger than a second optical resohution limit based on the second
UV radiation; where the lithography tool inchudes instrictons 1o expose a photoresist layer
formed over the wafer with the first UV radiation through a first mask configured to form the
first features at the first critical dimension, the photoresist layer including first portions
exposed to the first UV radiation and second portions unexposed to the first UV radiation;
and expose the second portions to the second UV radiation to define sub-resolution features

having a critical dimension less than the first optical resolution hmit.

foco6]  Example 17. The lithography tool of example 16, further including an image
projection system configured to expose the second portions to the second UV radiation.
foou7] Example 18. The lithography tool of one of examples 16 or 17, where the image
projection system includes a digital light processing (DLF) device or grating light valve

{GLV) device.
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[o008]  Example 19. The lithography tool of one of examples 16 1o 18, where the image
projection system is configured to spatially control the second UV radiation by varying light

intensity or light frequency of the second UV radiation.

foogg]  Example 20. The lithography tool of one of examples 16 to 19, where the critical

dimension of the sub-resclution features is lesa than the second optical resclution Himit.

[o100] Example 21. The lithography tool of one of examples 16 to 20, further including
an instruction to insert a second mask before exposing the second portions to the second UV

radiation.

[0101] While this invention has been described with reference to illustrative
embodiments, this description is not intended to be construed in a limiting sense. Various
modifications and combinations of the llustrative embodunents, as well as other
embodiments of the invention, will be apparent 1o persons skilled in the art upon reference
to the description. [tis therefore intended that the appended claims encompass any such

modifications or embodiments.
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WHAT IS CLAIMED I5:
1. A method of forming sub-resolution features, the method comprising:

exposing a photoresist layer formed over a substrate 1o a first uliraviclet ight (UV)
radiation having a first wavelength of 365 nm or longer through a mask configured to form
features at a first eritical dimension, the photoresist layer comprising first portions exposed
to the first UV radiation and second portions unexposed to the first UV radiation after
exposing with the first UV radiation;

exposing the first portions and the second portions to a second UV radiation; and

developing the photoresist layer after exposing the photoresist layer to the second UV
radiation to form the sub-resolution features having a second critical dimension lass than the

first eritical dimension.

2. The method of claim 1, further comprising a spacer patterning, the spacer patterning
comprising:

depositing a layer of a spacer material over the sub-resolution features;

perfornying a spacer etch back to remove a lateral portion of the spacer material;

performing a pull etch to remove the sub-resoluotion features and form a spacer
pattern; and

performing a pattern transfer etch using the spacer pattern as an etch mask.

3. The method of claim 1, further comprising, before developing, performing a post-

exposure bake by thermally treating the substrate.

4. The method of claim 1, further comprising selecting conditions for exposing the first
portions and the second portions to the second UV radiation to form the sub-resolution

features having a height less than a first height of the features.

5. The method of claim 1, further comprising selecting conditions for exposing the first

portions and the second portions to the second UV radiation 1o form the sub-resolution
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features having a width between 200 nm and 360 nm, a height between 20 nm and 900 nim,

or a ratio of height to width between 3 and 100.

6. The method of claim 1, wherein exposing the first portions and the second portions to
the second UV radiation is performed using a pixel-based projection system having an array

of independently addressable projection points.

7. The method of claim 1, wherein the first wavelength is 365 nm and the second

wavelength is 266 nm.

8. A method of forming seb-resolution features, the method comprising:

exposing a photoresist layer formed over a sutbstrate 1o a first uliraviclet Hght (UV)
radiation having a first wavelength of 365 nm or longer through a first mask configured to
form features at a first eritical dimension, the photoresist layer comprising first portions
exposed to the first UV radiation and second portions unexposed to the first UV radiation
after exposing with the first UV radiation;

developing the photoresist layer after exposing the photoresist layer to the first UV
radiation to remove the first portions;

depositing a resin over the photoresist layer; and

exposing the second portions 1o a second UV radiation having a second wavelength;

developing the photoresist layer after exposing the photoresist laver 1o the second UV
radiation to form the sub-resolution features having a second critical dimension less than the
first critical dimension, the sub-resolution features comprising a trench between the

photoresist laver and the resin.

Q. The method of claim 8, wherein depositing the resin before exposing the second
portions fo the second UV radiation, the second UV radiation inducing a photochemical
reaction generating an acid within the second portions, the acid laterally diffusing into the

resin to form acid-reacted lavers on side walls of the resin.
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10, The method of claim g, wherein developing the photoresist layer after exposing the
photoresist layer to the second UV radiation removes the acid-reacted layers, and wherein

widths of the acid-reacted lavers determine the second critical dimension.

11, The method of claim 9, further comprising, before exposing the second portions to
the second UV radiation, inserting a second mask into an optical path of the second UV

radiation.

12, The method of claim 8, wherein the resin is deposited over the photoresist layer after
exposing the second portions to the second UV radiation, wherein exposing the second

portions comprises forming third portions exposed to the second UV radiation by converting
a portion of the second portions, the remaining second portions forming fourth portions not

being exposed 1o the second UV radiation.

3. The method of claim 12, wherein the third portions cover sidewalls of the fourth

portions.

14. The method of claim 12, wherein developing the photoresist layer comprises
removing top portions of the resin to expose the third portions, and removing the third

portions.

15. The method of claim 8, further comprising performing a pattern transfer etch using

the sub~resohution features as an anti-spacer.

16. A lithography tool comprising:

a chamber sized and configured 1o receive a wafer for processing;

a wafer holder to hold a2 200 mm wafer;

a first ultraviolet light (UV) radiation source configured to emit a first UV radiation
having a first wavelength of 365 nm, the first UV radiation source configured to form first
features having a fivst critical diraension larger than a first optical resolution limit based on

the first UV radiation;
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a second UV radiation source configured to emit a second UV radiation having a
second wavelength, the second UV radiation soures configured to form second features
having a second critical dimension larger than a second optical resolution limit based on the
second UV radiation;

wherein the lithography tool comprises instructions 1o

expose a photoresist layer formed over the wafer with the first UV radiation
through a first mask configured to form the first features at the first eritical dimension, the
photoresist laver comprising first portions exposed to the first UV radiation and second
portions unexposed to the first UV radiation; and

expose the second portions 1o the second UV radiation to define sub-resolution

features having a critical dimension less than the first optical resolution limit.

17. The lithography tool of claim 16, further comprising an image projection syster

configured to expose the second portions to the second UV radiation.

18. The lithography tool of claim 17, wherein the image projection system comprises a

digital light processing (DLFP) device or grating light valve (GLV) device.

19, The lithography tool of claim 17, wherein the image projection system is configured to
spatially control the second UV radiation hy varying light intensity or light frequency of the

second UV radiation.

20.  The lithography tool of claim 16, wherein the critical dimension of the sub-resolution

features is less than the second optical resolution luuit.

21, The lithography tool of claim 16, further comprising an instrirction to insert a second

mask before exposing the second portions to the second UV radiation.



