
WATER MARK DEFECT PREVENTION FOR IMMERSION LITHOGRAPHY
CROSS REFERENCES [0001] This application claims
priority from U.S. Provisional Patent Application
Serial No.  601722,646 filed on September 30, 2005,
entitled "Water Mark Defect Prevention for Immersion
Lithography" and is related to the following
commonly-assigned U.S.. Patent Applications, the
entire disclosures of which are hereby incorporated
herein by reference: U.S., Patent Application  Serial
No.. (Attorney Docket Number TSMC2005-0545), entitled
"NOVEL TARC MATERIAL  FOR IMMERSION WATERMARK
REDUCTION," having the same inventor and same
assignee as the present invention.. BACKGROUND  [0002]
As semiconductor fabrication technologies are
continually progressing to smaller  feature sizes such
as 65 nanometers, 45 nanometers, and below, immersion
lithography processes  are being adopted" However,
immersion lithography processes induce water drop
residue after  an exposure process. Such water drop
residue can cause water mark defects and therefore
degrade or even cause failures during semiconductor
fabrication. [00031 What is needed is an improved
immersion lithography system where the damage  caused
by water, mark defects are prevented and/or reduced..
I BRIEF DESCRIPTION OF THE DRAWINGS [0004] Aspects of
the present disclosure are best understood from the
following detailed  description when read with the
accompanying figures.. It is noted that, in accordance
with the  standard practice in the industry, various
features are not drawn to scale. In fact, the
dimensions  of the various features maybe arbitrarily
increased or reduced for clarity of' discussion.
[0005] Fig. 1 illustrates a sectional view of one
exemplary semiconductor device 100 having  a photo
sensitive layer being exposed during an immersion
lithography process.. [0006] Figs.. 2 and 3 illustrate
sectional views of one exemplary semiconductor device
having photo sensitive layer and watermark formed
thereon during immersion lithography  



processes, [0007] Fig.. 4 illustrates a schematic view
of a photo sensitive layer having chemically  bonded
quenchers.. [0008} Figs. 5a to 5c illustrate schematic
views of'various embodiments of a photo sensitive
layer having a polymer and quenchers chemically bonded
to the polymer" [0009] Fig. 6 illustrates a schematic
view of' a photo sensitive layer having physically
trapped  quenchers. [0010] Figs.. 7a to 7j illustrate
schematic views of various embodiments of 'a photo
sensitive  layer having quenchers with reduced
mobility.. [0011] Figs. 8a to 8b illustrate schematic
views of various embodiments of a photo sensitive
layer having hydrophobic quenchers. [0012] Fig. 9 is a
flowchart of one embodiment of a method of immersion
photolithography  patterning. DETAILED DESCRIPTION
[0013] It is understood that the following disclosure
provides many different embodiments,  or examples, for
implementing different features of various
embodiments. Specific examples of  components and
arrangements are described below to simplify the
present disclosure., These are,  of 'course, merely
examples and are not intended to be limiting, For
example, the formation of' a  first feature over or on
a second feature in the description that follows may
include embodiments  in which the first and second
features are formed in direct contact, and may also
include embodiments in which additional features may
be formed interposing the first and second  2
features, such that the first and second features may
not be in direct contact. In addition, the  present
disclosure may repeat reference numerals and/or
letters in the various examples.. This  repetition is
for the purpose of 'simplicity and clarity and does
not in itself' dictate a relationship  between the
various embodiments and/or configurations discussed..
[00141 Fig. 1 provides a sectional view of a
semiconductor device 100 during an immersion  



lithography exposing process,. The semiconductor
device 100 may be a semiconductor wafer or  other
suitable device. In the present embodiment, the
semiconductor device 100 includes a  silicon substrate
110 having organic bottom anti reflecting
coating(BARC), inorganic bottom  anti reflective
layer, etch resistance organic layer, adhesion
enhancement organic layer, various  doped regions,
dielectric features, and multilevel interconnects..
The substrate may alternatively  include other
suitable semiconductor material, including Ge, SiGe,
or GaAs.. The substrate may  alternatively include a
non-semiconductor material such as a glass plate for
thin-film-transistor  liquid crystal display (TFT-LCD)
devices.. The semiconductor device 100 may further
include  one or more material layers to be patterned..
[00151 The semiconductor device 100 includes a photo
sensitive layer (photoresist or resist)  120. In the
present embodiment, the resist layer 120 has a
thickness ranging between about 50  angstroms and 5000
angstroms. In another embodiment, the resist layer 120
may have a  thickness ranging between about 500
angstroms and 2000 angstroms The resist layer 120
utilizes a chemical amplification (CA) resist material
The resist layer 120 includes a polymer  material that
turns soluble to a developer such as a base solution
when the polymer is reacted  with acid. The resist
layer 120 includes a polymer material that turns
insoluble to a developer  such as a base solution when
the polymer is reacted with acid. The resist 120
further includes a  solvent filling inside the
polymer.. The solvent may be partially evaporated due
to a prior baking  process. The resist 120 also
includes a photo-acid generator (PAG) 130 material,
with FAG  molecules distributed inside the solvent
and/or polymer.. When absorbing photo energy, the FAG
130 decomposes and forms a small amount of acid.. The
FAG 130 may have a concentration  ranging between
about I % and 15% wt of the resist polymer 120. [00161
In furtherance of the present embodiment, the resist
120 also includes a quencher  material 140 that
distributes inside the solvent and polymer. The
quencher 140 is a base type and  is capable of'
neutralizing acid, Collectively or alternatively, the
quencher may inhibit other  active component of 'the
resist 120, such as inhibiting PAG and photo acid from
reaction. The :3 



quencher 140 may have a concentration ranging between
0..5% and 8% wt of the resist. The  quencher 140 may
alternatively have a concentration about one fourth of
the concentration of' the  PAG 130 by weight before
the exposing process.. In one example, the quencher
140 includes a  nitrogen atom having an unpaired
electron capable of neutralizing an acid, In an
exposure  processing step during an immersion
photolithographic patterning, the resist layer 120 is
exposed  to a radiation energy such as deep
ultra-violet (DUV) through a photomask (mask or
reticle)  having a predefined pattern, resulting in a
resist pattern that includes a plurality of unexposed
regions such as unexposed features 120a and a
plurality of exposed regions such as exposed  features
120b. The radiation energy may include a 248 nm beam
by Krypton Fluoride (KrF)  excimer lasers or a 193 rim
beam by Argon Fluoride (ArF) excimer lasers, The
immersion  lithography further includes an immersion
fluid between the semiconductor device 100 and a  lens
of'a lithography system used to implement the exposure
processing step. The immersion  fluid may include
de-ionized water (DI water or DIW).. The fluid may
further include chemical  additives such as acid,
salt, or polymer. The fluid may alternatively include
other suitable fluid  having an index of' refraction
higher than 1.44, the index of refraction of 'D1W.
During an  exposing process, water drop residue, such
as an exemplary water drop 150, may be left on the
resist layer after the exposing process. [0017] In
previous immersion lithography patterning processes,
the water drop residue may  cause problems such as
forming a watermark as illustrated in sectional views
off a semiconductor'  device 200 of' Figs. 2 and 3. A
water drop 130 left on a photo sensitive layer, 120 of
the semiconductor device 200 may provide a path to FAG
130 and quencher 140. The quencher 140  in unexposed
resist region 120a may diffuse into the water drop and
further diffuse into the  exposed resist region 120b,
thereby neutralizing the photo generated acid and/or
reducing  exposure efficiency in the exposed areas..
Furthermore, the exposed PAG is decomposed as FAG
anion and acid, which is more soluble to water- than
unexposed PAG. The photo generated acid  may diffuse
into the water, drop with additional effect such that
the exposed areas of the resist  120 have reduced
photo generated acid.. These exposed areas of 'the
resist layer 120 thus may  



have no sufficient photo generated acid to induce a
cascade of chemical transformation (acid
amplification) after' the exposing process step,
and/or may not be fully soluble in developing
solution at a developing process step.. Thus an
unexpected T-top resist feature (bridge profile or 4
watermark) 120c may be formed on the exposed regions
of the resist layer 120 in which the top  resist
material of the exposed region is not soluble in a
developing solution, (00181 According to the present
disclosure, the quencher 140 has reduced mobility such
that  the diffusion through the water drop is
substantially reduced. In one example, the mobility of
the  quencher is reduced such that the quencher is
capable of 'being leached less than about 10"" mole
/cm2 to an immersion fluid during immersion
lithography. [00191 In one embodiment as illustrated
in Fig.. 4, the quencher 140 is chemically bonded to
a polymer 160 such that the quencher has a reduced
mobility. The polymer 160 becomes soluble  in a
developing solution after reacting with acid.. The
polymer 160 further includes a short chain  polymer,
which is soluble to developing solution, The quencher
140 is not able to diffuse into the  water drop,
resulting in a limited range of' mobility through a
chain movement of the polymer  160 and/or quencher
140.. [0020] Referring to Fig.. 5a, the quencher 140
may be bonded to a carbon unit 162 of the  polymer 160
through a nitrogen atom 142 of the quencher.. In the
present embodiment, the  nitrogen atom 142 includes an
unpaired electron to neutralize acid or other- active
component of'  the resist,. The quencher 140 includes
first and second chemical groups 144, 146 such as
alkyl  groups bonded to the nitrogen atom 142.. An
alkyl group may include H, CH3, C2H5, CF3,  C2F5, ring
type polymer or ring type polymer with its ring end
bond to nitrogen atom 142.. The  first and second
chemical groups 144 and 146 may alternatively include
other chemical groups  In other examples, the polymer
160 may include two carbon units 164 in Fig. 5b, or
three carbon  units 166 in Fig. 5c, or even more
carbon units bonded to the nitrogen 142 of the
quencher. Such  carbon structure has multiple carbon
units in chain and provides a certain flexibility to
the  bonded quencher 140.. The polymer may
alternatively include other atomic units bonded to the



quencher 140.. [00211 Referring to Fig. 6, in another
embodiment, the quencher 140 may be physical  trapped
(fully or partially) inside the polymer 160. The
quencher 140 may have a size  substantially large
compared to an average mesh size of the network of the
polymer 160 so that  the quencher 140 is physically
trapped inside.. The quencher 140 may alternatively
have a certain  structural group to enhance physical
entanglement. For example, the quencher 140 may
include a  long tail (a long chain) or a branched
group such that the quencher 140 may be physically
tangled with or trapped by the polymer 160.. In
another embodiment, the quencher 140 may 5 include a
ring structure, a long chain, a branched group, or
combinations thereof, to reduce the  quencher
mobility.. [0022] Figs. 7a through 7j illustrates
various exemplary structures of the quencher. A
quencher in Fig. 7a includes two alkyl groups and a
ring structure such as a carbon ring.. A  quencher in
Fig. 7h includes one alkyl.group and two ring
structures.. A quencher in Fig. 7c  includes three
ring structures.. A quencher in Fig.. 7d includes two
alkyl groups and one ring  structures having an oxygen
atom. A quencher in Fig, 7e includes two alkyl groups
and a lone  tail such as a carbon chain. A quencher in
Fig.. 7f 'includes two alkyl groups and a lone tail
having an oxygen atom. A quencher in Fig., 7g includes
one ring structure having an oxygen and  two
lone-chain structures.. A quencher in Fig.. 7h
includes two alkyl groups and one branched  structure
having two short tails.. A quencher in Fig.. 7i
includes two alkyl groups and one  branched structure
having two long tails. A quencher in Fig.. 7j includes
two alkyl groups and  one branched structure having
three short tails. Other combinations may be
implemented to tune  the mobility of' the quencher for
optimized performance.. [0023] Referring to Figs. 8a
and 8b, in another example, the quencher is
hydrophobic and  therefore difficult to diffuse to a
water drop. The quencher may include at least one
hydrophobic  group.. For example, the quencher
includes a fluoride. The quencher in Fig.. 8a includes
three  alkyl groups and at least one of them has a
fluoride.. The quencher in Fig. 8b includes one alkyl



group, one ring having an oxygen, and a lone chain
having multiple fluoride. [0024] In another
embodiment, water drops left on the resist layer may
be acid treated right  after the exposing process. The
acid treatment can be implemented by spraying acid on
the resist  surface (and/or the water drops thereon)
through a chemical inlet integral to the immersion
lithography system.. The pH value of the treated water
drops may be adjusted to a value below  about 6..
Thus, the quencher has a reduced rate of diffusion
into the water drop.. Furthermore,  photo generated
acid may also have a reduced rate of diffusion to the
water drop. The acid  treatment can also diffuse into
the resist film and substantially compensate the
leaching of the  photo acid. [0025] In various
embodiments, the mobility of the quencher to the water
drop on the resist  layer is substantially reduced.
The watermark effect is also substantially reduced..
Various  embodiments may be modified or combined for
optimized resist patterning process.. 6 [0026]
Referring to Fig.. 9, a flowchart of an immersion
lithography method 900 form a resist  pattern as
described.. The method 900 includes a step 902 to form
a photo sensitive (resist) layer  on a semiconductor
wafer.. The resist layer is substantially similar to
the resist layer 120 of Fig 1, where the quencher
material has a reduced mobility. The quencher may have
structures similar  to those illustrated in Figs 5a to
5c, Figs 7a to 7j, and Figs.. 8a to 7b, or
combinations thereof'  [0027] The method 900 further
includes a step 904 to expose the resist layer to a
radiation  energy such as DUV through a photomask and
an immersion fluid. The immersion fluid may be  DIW or
other suitable fluid having a high index of'reaction
and is disposed between the  semiconductor wafer and
lens of an immersion lithography system to implement
the method 900  Since the quencher has a reduced
mobility, the quencher has a reduced leaching to water
drops  left on the resist layer after the exposing
step 904 [0028] The method 900 then proceeds to a step
906 to bake (post exposure bake or PEB) the  resist
layer.. The baking temperature may range between about
80 C and 150 C. The baking  may have a duration of
several minutes as an example.. The baking step may
further include  



removing water drops left on the resist layer. [0029]
The method 900 then proceeds to a step 908 to develop
the resist layer in a  developing solution.. The
exposed resist regions are substantially dissolved.
[0030] The method 900 may further include a step
between the exposing step 904 and the  baking step 906
to treat the water drops left on the resist layer so
that the water drops will have  pH value below 6. Such
acid treated water drops may also neutralize the
diffusion of the base  quencher, to the water drop,,
This can reduce the impact of the diffusion of' the
quencher to the  exposed resist regions through the
water drops and also reduce the diffusion of the acid
from the  exposed resist regions into the water drops.
j0031] Thus, the present disclosure provide a
photoresist material having a polymer that  turns
soluble to a base solution in response to reaction
with acid.. The material includes a photo- acid
generator (PAG) that decomposes to form acid in
response to radiation energy and a  quencher capable
of neutralizing acid and having a reduced mobility.
[0032] In some embodiments, the quencher includes a
concentration greater than about 0.5%  of 'the polymer
by weight.. The quencher may be capable of' being
leached at an amount less than  about 5x10-13 mole
/cm2 to an immersion fluid. The immersion fluid may
include water, The  immersion fluid may include a
suitable fluid having an index of refraction (n)
higher than 144.. 7 The quencher may be chemical
bonded to the polymer. The polymer may include at
least one  carbon unit bonded to the quencher. The at
least one carbon unit may be bonded to a nitrogen
atom of the quencher The quencher may include a
nitrogen atom having an unpaired electron..  The
quencher may include at least one ring structure
attached to the nitrogen atom. The  quencher may
include at least one of four-carbon chain attached to
the nitrogen atom. The  quencher may comprise at least
four atom units attached to the nitrogen atom of the
quencher..  The quencher may include at least one
branch chain attached to the nitrogen atom of the
quencher.. The quencher may be substantially
hydrophobic.. The quencher may include fluoride.
[0033] The present disclosure also provides a material
having a polymer that turns soluble to  



a base solution in response to reaction with acid. The
material includes a plurality of 'photo-acid
generators (PAGs) that decompose to form acid in
response to radiation energy; and a plurality
of'quenchers that are capable of neutralizing acid and
have a reduced mobility by at least one of: being
chemically bonded to the polymer;  being substantially
hydrophobic; and  physically trapped in the polymer..
[0034] In some embodiments, the plurality of quenchers
include a concentration about one  fourth of a
concentration of 'the plurality of' PAGs.. Each of the
plurality of quencher may include  a nitrogen atom
having one unpaired electron.. Each of the plurality
of quencher may include an  chemical group bonded to
the nitrogen, wherein the chemical group is selected
from the group  consisting of an alkyl group, a ring
structure, a long chain, a branched group, and
combinations  thereof, The plurality of quenchers may
include a reduced mobility such that the plurality of
quenchers is capable of 'being leached less than about
5x10-13 mole /cm2 to an immersion fluid.  The material
may further include a solvent in the polymer. [0035]
The present disclosure also provides a method for
immersion lithography.. The  method includes forming a
photo sensitive layer on a substrate, the photo
sensitive layer  including; a polymer that turns
soluble to a base solution in response to reaction
with acid; a  plurality of photo-acid generators
(PAGs) that decompose to form acid in response to
radiation  energy; and a plurality of quenchers
capable of neutralizing acid and having a reduced
mobility.  The method includes exposing the photo
sensitive layer using an immersion lens system; baking
the photo sensitive layer, the photo sensitive layer
being able to leach the plurality of quenchers  less
than about 5x10'13 mole /cm2 into an immersion fluid;
and developing the photo sensitive 8 layer. The method
may further include an acid treatment such that pH
value of water drops on  the photo sensitive layer is
below 6 after the exposing of the photo. sensitive
layer. In the method,  the baking of' photo sensitive
layer may include removing water drops. [00361 The
foregoing has outlined features of several embodiments
so that those skilled in  



the art may better understand the detailed description
that follows. Those skilled in the art  should
appreciate that they may readily use the present
disclosure as a basis for designing or  modifying
other processes and structures for carrying out the
same purposes and/or achieving the  same advantages of
the embodiments introduced herein.. Those skilled in
the art should also  realize that such equivalent
constructions do not depart from the spirit and scope
of 'the present  disclosure, and that they may make
various changes, substitutions and alterations herein
without  departing from the spirit and scope of 'the
present disclosure. 9 WHAT IS CLAIMED IS: 1.. A
material for use in immersion lithography, comprising:
a polymer that turns soluble td a base solution in
response to reaction with acid; a photo-acid generator
(PAG) that decomposes to form an acid in response to a
radiation  energy; and a quencher capable of
neutralizing acid and having a reduced mobility. 2..
The material of'claim 1, wherein the quencher
comprises a concentration greater  than about 0..5 %
of the polymer by weight. 3. The material of claim 1,
wherein the quencher is capable of'being leached at an
amount less than about 5x 10-13 mole 1cm2 to a fluid
used in the immersion lithography., 4.. The material
of'claim 3, wherein the fluid comprises water'. S. The
material of claim 3, wherein the fluid comprises an
index of'refraction (n)  higher than 144 . 6, The
material of claim 1, wherein the quencher is
chemically bonded to the  polymer-. 7 The material
of'claim 6, wherein the polymer comprises at least one
carbon unit  bonded to the quencher. 8. The material
of claim 7, wherein the at least one carbon unit is
bonded to a  nitrogen atom of'the quencher. 



9.. The material of'claim 1, wherein the quencher
comprises a nitrogen atom having  an unpaired
electron.. 10' 10.. The material of' claim 9; wherein
the quencher comprises at least one ring  structure
attached to the nitrogen atom.. 11.. The material
of'claim 9, wherein the quencher comprises at least
four atom units  attached to the nitrogen atom of the
quencher. 12.. The material of'claim 9, wherein the
quencher comprises at least one branch chain  attached
to the nitrogen atom of the quencher.. 1:3.. The
material of claim 1, wherein the quencher is
substantially hydrophobic..  14. The material of claim
13, wherein the quencher comprises fluoride.. 15.. A
material comprising: a polymer that turns soluble to a
base solution in response to reaction with acid; a
plurality of photo-acid generators (PAGs) that
decompose to form acid in response to  radiation
energy; and a plurality of quenchers that are capable
of neutralizing acid, and having a reduced  mobility
by at least one of. being chemically bonded to the
polymer;  being substantially hydrophobic; and
physically trapped in the polymer.. 16 The material of
claim 15, wherein the plurality of quenchers comprises
a  concentration of'about one fourth of'a
concentration of'the plurality of PAGs. 17. The
material of claim 15, wherein one or more of'the
plurality of' quenchers  comprises a nitrogen atom
having one unpaired electron. 18.. The material
of'claim 17, wherein each of the plurality of'quencher
comprises an  chemical group bonded to the nitrogen,
wherein the chemical group is selected from the group
11 



consisting of an alkyl group, a ring structure, a long
chain, a branched group, and combinations  thereof'.
19. The material of'claim 15, wherein the plurality
of'quenchers are configured to  exhibit a reduced
mobility such that the quenchers are capable of being
leached at an amount less  than about 5x10"" mole /cm2
to an immersion fluid. 20.. The material of claim 15,
further comprising a solvent in the polymer.  21. A
method for immersion lithography, comprising: forming
a photo sensitive layer on a substrate, the photo
sensitive layer including: a polymer that turns
soluble to a base solution in response to reaction
with acid;  a plurality ofphoto-acid generators (PAGs)
that decompose to form acid in  response to radiation
energy; and a plurality of'quenchers capable
of'neutralizing acid and having a reduced  mobility;
exposing the photo sensitive layer in an immersion
lithography system with an immersion  fluid; baking
the photo sensitive layer, the photo sensitive layer
being able to leach the plurality  of'quenchers at a
rate less than about 5x 10'" mole /cm2 into the
immersion fluid; and developing the exposed photo
sensitive layer. 22 The method of claim 21, further
comprising performing an acid treatment such  that a
pH value of water drops on the photo sensitive layer
is below 6 after the exposure ofthe  photo sensitive
layer. 23. The method of claim 21, wherein the baking
of'the photo sensitive layer is  configured to
facilitate removal of water' drops.. 12 


