-1 WATER SOLUBLE NEGATIVE TONE PHOTORESIST RELATED PATENT APPLICATION This
application is related to (TS01-376), filed on 11/30/01, Serial # 10/002,986, and to (TSO1-463), filed
on 12/05/01, Serial # 10/005,806, assigned to Common Assignee BACKGROUND OF THE
INVENTION (1) Field of the Invention The invention relates to the fabrication of integrated circuit
devices, and more particularly, to particular chemisiries for negative photoresist. (2) Description of the
Prior Art Integrated semiconductor devices comprise electronic circuits of sub-micron and deep
sub-micron dimensions and are typically created in or on the surface of a silicon substrate. The
creation of semiconductor devices is supported by sophisticated and interacting, mutually supporting
disciplines. Device features are transposed from a mask onto a semiconductor surface using
photolithographic imaging prowaguss. SSnea IHiskEpasuvEdeparde ROthrANsfer of photo energy

from
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This application is related to (T501-376), filed on
11/30/01, Serial # 10/002,986, and to (TS01-463), filed on

12/05/01, Serial # 10/005,806, assigned to Common Assignee

BACKGROUND OF THE INVENTION

(1} Field of the Invention
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to particular chemistries

for negative photoresist.

(2} Degcription of the Prior Art

Integrated semiconductor devices comprise electronic
circuits of sub-micron and deep sub-micron dimensions and are
typically created in or on the surface of a silicon substrate.
The creation of semiconductor devices is supported by

sophisticated and interacting, mutually supporting disciplines,

Device features are transposed from a mask onto a
semiconductor surface using photolithographic imaging processes.

Since this exposure depends on the transfer of photo energy from



2 asource to a target surface, it is to be expected that, for target features that are created in very

- close proximity to each other, the transfer of photo energy interacts for very closely spaced device
features, most commonly interconnect lines or contact holes having sub-micron spacing between
adjacent lines. A common measure for the occurrence of such interaction are applications where the
Critical Dimensions (CD) of the layout of the Integrated Circuit (IC) approach the resolution limit of the
lithography equipment. For such applications, proximity effects begin to influence the manner in which
mask images are transferred to target surfaces. This interaction imposes limitations on the proximity
of adjacent device features, these limitations are referred to as Critical Dimensions (CD) of a design
and device layout. Related application (TS01-376), filed on 11/30/01, Serial # 10/002,986, addresses

problems agldslicéﬂi%%t{iaoq:s thaat are encountered when creating openings on a semiconductor surface
such as the surface of alayer 67 SRotoTESiEEG e durfite 6t A% epribantiaciorsbstrate. This

application ides masks. Th
pp &H?&Q@ g@%&urgs ELa% are created in very close proximity to each

other, the transfer of photo energy interacts for very closely
spaced device features, most commonly interconnect lines or

contact holes having sub-nicron spacing between adjacent lines.

A common measure for the occurrence of such interaction are
applications where the Critical Dimensions {CD) of the layout of
the Integrated Circuit (IC) approach the resolution limit of the
lithography equipment. For such applications, proximity effects
begin to influence the manner in which mask images are
transferred to target surfaces. This interaction imposes
limitations on the proximity of adjacent device features, these
limitations are referred to as Critical Dimensions {CD) of a

design and device layout.

Related application (TS01-376}, filed on 11/36/01, Serial #
10/002,986, addresses problems and limitations that are
encountered when creating openings on a semiconductor surface
such as the surface of a layer of photoresist or the surface of a
semiconductor substrate. This application provides two masks. The
first mask, referred to as the packed mask, comprises the desired
contact holes, which are part of the creation of a semiconducter

device. To the packed mask are added padding holes in order to



| first mask, referred to as the packed mask, comprises the desired contact holes, which are part of the
creation of a semiconductor device. To the packed mask are added padding holes in order to 3
increase and condense the hole density of the packed mask. The second mask, referred to as the
unpacking mask, comprises openings at the same locations as the locations of the padding holes of
the first mask, the openings provided in the secontsmask have slightly larger dimensions than the
padding holes of the first mask. A first exposure is made using the packed mask, a second exposure
of the same surface area is made using the unpacking mask. The unpacking mask is used to
selectively cover the padding contact holes, resulting in the final image. Two types of unpacking
masks can be used, a first type having unpacking holes that surround the desired hole pattern, a

second type havin(%g unpaé;kin(gg%oles that ali(%\) with the desired hole pattern. Related application
(TS01-463; HiEG DRCLIBEI0TC8LHAF T TBRAE 366 Provides aofetitr BRefedingastntadtioles using

a packing gggounrgyargg Is . prlg)é: ?g g g%’dfu{%leeg Sa ptp llmyein%gp%hcaigfﬁsgh irfr'fas k, comprises
qpenings at the same locations as the locations of the padding
holes of the first mask, the openings provided in the second mask
have slightly larger dimensions than the padding holes of the
first mask. A first exposure is made using the packed mask, a
second exposure of the same surface area is made using the
unpacking mask. The unpacking mask is used to selectively cover
the padding contact holes, resulting in the final image. Two
types of unpacking masks can be used, a first type having

unpacking holes that surround the desired hole pattern, a second

type having unpacking holes that align with the desired hole

pattern.

Related application (TS01-463), filed on 12/05/01, Serial #
10/005,806 provides a method of creating contact holes using a
packing and unpacking procedure, further applying a phase-shift
mask. The 'Depth Of Focus (DOF) and Mask Error Factor {(MEF) of
closely packed holes can be improved using Alternating Phase
Shifting Mask (Alt PSM) for the exposure of the holes. However,
the Alt PSM is dependent on hole density or hole separation and
is less effective where holes are relatively further separated
from each other. In order to improve DOF and MEF performance for

the creation of holes, the application adds extra holes to a



'mask. The Depth Of Focus (DOF) and Mask Error Factor (MEF) of closely packed holes can be
improved using Alternating Phase Shifting Mask (Alt PSM) for the exposure of the holes. However,
the Alt PSM is dependent on hole density or hole separation and is less effective where holes are
relatively further separated from each other. In order to improve DOF and MEF performance for the
creation of holes, the application adds extra holes tp a 4 given pattern of contact holes on the surface
of a first mask, thus densifying the pattern of holes on the first mask and therefore reducing the range
of the hole-diameter to hole separation ratio. The pattern of added holes is alternating in phase with
the pattern of desired holes. The added holes will be filled up using a second mask. US 5,573,634
(Ham) shows a contact hole process using a double exposure, photoresist process. US 5,308,741
(Kemp) shows a double exposure process with mask shifting and phase shifting. US 5,432,b44
(Shimizu) sHGWE™ B8R B oS UFE Pracsstwithsa phasashifumesks (BEM). £1 rst mask,

thus densifying the pattern of holes on the first mask and
therefore rgducing the range of the hole-diameter to hole
separation ratio. The pattern of added holes is alternating in

phase with the pattern of desired holes. The added holes will be

filled up using -a second mask.

US 5,573,634 (Ham) shows a contact hole process using a

double exposure. photoresist process.

US 5,308,741 (Kemp) shows a double exposure process with

mask shifting and phase shifting.

US 5,432,b44 (Shimizu) shows a double exposure process with

a phase shift masks (PSM) .

Us 5,017,461 {Abe), US 5,998,082 (McCulloch et al.) Us

5,648,196 (Frechet et al.) and-Us 5,532,113 (Frechet et al.) are

related patents.



US 5,017,461 (Abe), US 5,998,092 (McCulloch at al.) US 5,648,196 (Frechet et al.) and-US 5,532,113
- (Frechet at al.) are related patents. 5 SUMMARY OF THE INVENTION A principle objective of the
invention is to provide optimized use of photoresist coating for packing-and-unpacking methods of
photoresist exposure. Another objective of the invention is to provide use of photoresist coating for
packing-and-unpacking methods of photoresist exposure that allow optimum pattern density of the
created pattern. In accordance with the objectives df the invention a new water soluble negative
photoresist is provided for packing-and- unpacking (PAU) processing steps. BRIEF DESCRIPTION OF
THE DRAWINGS Figs. la through Ic show the application of an Alt PSM of regularly packed holes and
an unpacking mask to designate the unwanted holes for back fill. Figs. 2a through 2d show Packing
and Unpacking (PAU) with

SUMMARY OF THE INVENTION

A principle objective of the invention is to provide

optimized use of photoresist coating for packing-and-unpacking

methods of photoresist exposure.

Another objective of the invention is to provide use of
photoresist coating for packing~and—unpacking methods of

photoresist exposure that allow optimum pattern density of the

created pattern.

In accordance with the objectives of the invention a new
water soluble negative photoresist ig provided for packing-and-

unpacking (PAU) processing steps.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. la through lc show the application of an Alt PSM of
regularly packed holes and an unpacking mask to designate the

unwanted holes for back Ffill.

Figs. 2a through 2d show Packing and Unpacking (PAU) with

twoe coatings of photoresist.



two coatings of photoresist. 6 DESCRIPTION OF THE PREFERRED EMBODIMENTS The instant

- invention applies to the use of two photolithographic exposure masks. The first exposure mask is a
packed exposure mask, which comprises holes with a single hole- to-separation ratio. This ratio may
typically be a ratio of 1:1 but is not limited to this and can be extended to include any ratio that is
within the effective range of the Alt PSM. The second mask, the unpacking mask, comprises holes
that are slightly larger than the holes in the packeo6mask. The holes provided in the unpacking mask
have a slightly larger diameter than the holes in the packed mask, the holes provided in the
unpacking mask center on the desired holes. As a first processing step in creating a hole pattern, the
packed mask is used to delineate both types of holes. After this exposure has been completed, the
unpacking mask is used to selectively cover the padding holes, resulting in a final image. In using

PAU with two photoresist cogiags 348 510% e 0UaR:2th e ishplialgsplst coating 221s exposed

with the

The instant invention applies to the use of two
photolithographic exposure masks. The first exposure mask is a
packed exposure mask, which comprises holes with a single hole-
to-separation ratio. This ratioc may typically be a ratic of 1:1
but is not limited to this and can be extended to include any
ratio that is within the effective range of the Alt PSM; The
second mask, the unpacking mask, comprises holes that are
slightly larger than the holes in the packed mask. The holes
provided in the unpacking mask have a slightly larger diameter
than the holes in the packed mask, the holes provided in the
unpacking mask center on the desired holes. As a first proéessing
step in creating a hole pattern, the packed mask is used to
delineate both types of holes. After this exposure has been
completed, the unpacking maﬁk is used to selectively cover the

padding holes, resulting in a final image.

In using PAU with two photoresist coatings, see Figs. 2a
through 2d, the first photoresist coating 22 is exposed with the
packed mask and developed as usual. BAs a second step, a
compatible second layer 26 of photoresist is coated over the
surface of the delineated image of the first photoresist coating

without affecting the first photoresist coating.



packed mask and developed as usual. As a second step, a compatible second layer 26 of photoresist
is coated over the surface of the delineated image of the first photoresist coating without affecting the
first photoresist coating. 7 For the application of the second photoresist coating it may be required, in
order to maintain the image created in the first coating of photoresist, to harden and/or cross link the
first layer of photoresist. For this purpose two layers of photoresist can be used for the formation of
the first coating of photoresist, the bottom layer of these two layers of photoresist is first cross linked
after which an imaging layer of photoresist is coating over the surface of the cross linked layer of
photoresist. The imaging layer preferably comprises elements that form a non-volatile compound,
such as silicon, during Reactive lon Etch (RIE) of oxide or oxide containing layers. The imaging layer
is then delineated by applying 02 RIE etching and serves as the first layer of photoresist. For the

second ayer of phploresisf g isiesired 195 £ Qe Gusing EAL Mo photoresis
be required, in order to maintain the image created in the first
coating of photoresist, to harden and/or cross link the first
layer of photoresist. For this purpose two layers of photoresist
can be used for the formation of the first ccating of
photoresist, the bottom layer of these two layers of photoresist
is first cross linked after which an imaging layer of photoresist
is coating over the surface of the cross linked layer of
photoresist, The imaging layer preferably comprises elements that
form a non-volatile compound, such as silicon, during Reactive
Ion Etch (RIE) of oxide or oxide containing layers. The imaging
layer is then delineated by applying 0, RIE etching and serves as

the first layer of photoresist.

For the second layer of photoresist that is required for the
pProcedure of using PAU with two photoresist coatings, either

Positive or negative photoresist can be used.

If a positive photoresist is used for the second layer of
photoresist, a light-field unpacking mask based onn the padding
holes results in coverage of the padding holes and a dark-field

unpacking mask based on the desired holes results in coverage of

the background.



‘positive or negative photoresist can be used. If a positive photoresist is used for the second layer of
- photoresist, a light-field unpacking mask based on the padding holes results in coverage of the
padding holes and a dark-field unpacking mask based on the desired holes results in coverage of the
background. 8 If a negative photoresist is used for the second layer of photoresist, a dark-field
unpacking mask based on the padding holes exposes the second layer of photoresist at the padding
holes to make them insoluble in the resist developék, resulting in coverage of the padding holes.
Alternatively, a light-field unpacking mask based on the desired holes exposes the negative second
layer of photoresist in all areas except where the desired holes are located and results in coverage of
the background. The above described process will now be further highlighted using Figs. la through is
and 2a through 2c for this purpose. Referring specifically to Figs. la through Ic, there is shown the

application of an Alf PSM of regularl cked holes and an unpacking mask to designate the
unwanted holes & bﬁcl?ﬁﬁ;atgve phB¥oresTst £5 used for the second layer of

photoresist, a dark-field unpacking mask based on the padding
holes exposes the second layer of photoresist at the padding
holes to make them insoluble in the resist developer, resulting
in coVerage of the padding holes. Alternatively, a light-field
unpacking mask based on the desired holes exposes the negative
second layer of photoresist in all areas except where the desired

holes are located and results in coverage of the background.

The above described process will now be further highlightegq

using Figs. la through lc and 2a through 2c for this purpose,

Referring specifically to Figs. la through lc, there is
shown the application of an Alt PSM of regularly packed holes and

an unpacking mask to designate the unwanted holes for back £i1l;

as follows:

- 10, Fig. la, shows a packed mask

— 16, one of the holes that is provided on the packed mask 10; no
pPhase-shifter is applied to this hole

- 18, one of the phase-shifted holes that is previded con the
packed mask

- 12, Fig. 1b, shows an unpacking mask, designating the unwanted

holes to protect the unwanted holes from back filling; holes 11



as follows: - 10, Fig. la, shows a packed mask - 16, one of the holes that is provided on the packed

- mask 10; no phase-shifter is applied to this hole - 18, one of the phase-shifted holes that is provided
on the packed mask - 12, Fig. Ib, shows an unpacking mask, designating the unwanted holes to
protect the unwanted holes from back filling; holes 11 9 (provided on the unpacking mask 12) are of
larger dimensions than the holes 16 and 18 (provided on the packed mask 10), and - 14, Fig. ic, the
final image that is obtained by applying the packedSmask and the unpacked mask; desired holes 13
are created. Figs. 2a through 2d show Packing and Unpacking (PAU) with two coatings of
photoresist, as follows: - 20, Fig. 2a, a semiconductor surface, typically the surface of a substrate; -
22, a first layer of photoresist; the first layer of photoresist has been patterned using the packed mask
- 23, a padded hole created through the first layer 22 of

(provided on the unpacking mask 12) are of larger dimensions than
the holes 16 and 18 (provided on the packed mask 10), and
- 14, Fig. lc¢, the final image that is obtained by applying the

packed mask and the unpacked mask; desired holes 13 are created

Figs. 2a through 2d show Packing and Unpacking (PAU) with
two coatings of photoresist, as follows:
- 20, Fig. 2a, a semiconductor surface, typically the surface of
a substrate;
- 22, a first layer of photoresist; the first layer of
photoresist has been patterned using the packed mask
- 23, a padded hole created through the first layer 22 of

photoresist

=~ 24, a desired hole created through the first layer 22 of
photoresist

- 26, Fig. 2b, a second layer of photoresist deposited over the
surface of the patterned first layer 22 of photoreéist, filling
openings 23 and 24

~ 25, Fig. 2c, a first unpack, leaving photoresist in place
covering padded opening 23, and

- 21, Fig., 2d, a second unpack, leaving background layer of

photoresist in place.



photoresist - 24, a desired hole created through the first layer 22 of photoresist - 26, Fig. 2b, a second
. layer of photoresist deposited over the surface of the patterned first layer 22 of photoresist, filling
openings 23 and 24 - 25, Fig. 2c, a first unpack, leaving photoresist in place covering padded opening
23, and - 27, Fig. 2d, a second unpack, leaving background layer of photoresist in place. 10 The
specific and preferred selection of the photoresist that is used for layers 22 and 26 of Figs. 2a through
2c is now discussed. For the first layer 22 of photdfesist, the preferred resist is a positive resist such
as I-line resist and KrF resist and ArF resist and F2 resist and EDV resist. This resist is exposed for
the packed mask and developed. For the second layer 26 of photoresist, the preferred resist of the
invention is a water soluble negative resist. The second layer 26 of photoresist is

The specific and preferred selection of the photoresist that
is used for layers 22 and 26 of Figs. 2a through 2¢ is now

discussed,

For the first layer 22 of photoresist, the preferred resist
is a positive resist such as I-line resist and KrF resist and Arf
resist and F2 resist and EUV resist. This resist is exposed for
the packed mask and developed. For the second layer 26 of
photoresist, the preferred resigt of the invention is a water
soluble negative resist. The second layer 26 of photoresist is
coated on the delineated first layer 22 of photoresist image
without affecting this first delineated layer 22 of photoresist,
hence the second layer 26 of photoresist is preferred to comprise
a water soluble negative resist. After the second layer 25 of
negative photoresist has been deposited, the second layer
photolithographic mask is used to expose the second layer 26 of
photoresist, using water to develop this layer and create the

pattern of layer 26 that is shown in cross sections of Figs. 2c

and 2d.

The advantages of using water soluble photoresist for the

second layer 26, Figs. 2b through 2d, are twe-fold:



.coated on the delineated first layer 22 of photoresist image without affecting this first delineated layer
22 of photoresist, hence the second layer 26 of photoresist is preferred to comprise a water soluble
negative resist. After the second layer 25 of negative photoresist has been deposited, the second
layer photolithographic mask is used to expose the second layer 26 of photoresist, using water to
develop this layer and create the pattern of layer 26 that is shown in cross sections of Figs. 2c and
2d. The advantages of using water soluble photorddist for the second layer 26, Figs. 2b through 2d,
are two-fold: 11 1. Normal photoresist comprises a solvent that damages the first pattern 22, Fig. 2a,
of photoresist, water soluble photoresist does not contain such a solvent, and 2. Water is used for the
development of a water soluble layer of photoresist, this water does not damage the (underlying) first
layer 22 of photoresist. The invention can be summarized as follows: the invention provides for a first

layer of phqtpli?g}lssﬁtlé a%)hotoresist comprises a sclvent that damages the first

pattern 22, Fig. 2a, of photoresist, water soluble photoresist
does not contain such a solvent; and

2. Water is used for the development of a water soluble layer of
photoresist, this water does not damage the (underlying) first

layer 22 of photoresist.

The invention can be summarized as follows:

¢ the invention provides for a first layer of photoresist that
comprises & positive or negative photoresiét, this first layer
of resist is exposed and developed with a paéked exposure mask
and developed

in addition to and following creating the exposed and
developed first layer of photoresist using a packed exposure
mask, a compatible {with the first layer of resist) layer of
Photoresist is deposited, this without affecting the
underlying layer of first photoresist, the two layers can then
be cross-liinked to form an improved packed image in these two

layers of photoresist

the second layer of photoresist, layer 26, preferably
comprises a water soluble negative resist; this latter layer
can be cross linked by exposure by a 365 nm or a 248 nm or a

183 nm or a 157 nm or a EUV or a EB light source, and



comprises a positive or negative photoresist, this first layer of resist is exposed and developed with a
packed exposure mask and developed in addition to and following creating the exposed and
developed first layer of photoresist using a packed exposure mask, a compatible (with the first layer of
resist) layer of photoresist is deposited, this without affecting the underlying layer of first photoresist,
the two layers can then be cross-linked to form as improved packed image in these two layers of
photoresist the second layer of photoresist, layer 26, preferably comprises a water soluble negative
resist; this+latter tayervear bescrosd linkee by exposnre by as365:tim drta 248mmaisrarskd3 nm or a

157 nm or}_%aEEU\{k?irsa Eal?’ Iéqht csgrlﬂJEr)q: , Sa&d JI% én k%es | e%l lél}le g}f&?ti_;‘(g photoresist, it is preferred

that this layer comprises ¥) a base polymer such as™ po acetal (4 to 8%), 2) a cross linking
element spch msietiyiencaieal®.5 t0 29b), 3 photcaretive coMpoUhds @B To B.EoREA) a quencher

(behNeeng@g%&%égﬁ%%@;%%ﬂ%a@%Sbg}, 3} photo-active compounds (0.01 to

0.1%), 4) a quencher (between about 1 and 30 ppm) and 5) &
sclvent such as DIW/IPA, with DIW between about 85 and $0%, IPA

betwesn about 4 and 7%,

Of these latter slements, the following details can be

provided.

1. a base polymer such as polyvinylacetal has the chemical

compesition of:
%{‘H—-CHZ—TH—CHﬁ—
0 0
N
Gy
20+

with n having a value between 0 and about 4.

2. a photo-active compound comprising OCHs, CF:SC: and S(CHs):
3. of the ethylensurea, the structure is unknown due to the

mixture of various alkyl groups.

Further detall relating to the preferred materials of the

invention is provided folleowing.



.solvent such as DIW/IPA, with DIW between about 85 and 90%, IPA between about 4 and 7%. Of
these latter elements, the following details can be provided. 1. a base polymer such as polyvinylacetal
has the chemical composition of: -(- i -CH2 i H-CH2) H-2n+1 with n having a value between 0 and
about 4. 2. a photo-active compound comprising OCH3, CF3S03 and S(CH3)2 3. of the ethyleneurea,
the structure is unknown due to the mixture of various alkyl groups. Further detail relating to the
preferred materials of the invention is provided folldwing. 13 Base polymer: preferred: water soluble
polymers More preferred: polyvinyl acetal, polyvinyl pyrrolidone, polyallylic acid, polyvinyl alcohol,
polyethylemeimine, polyethylene oxide, polyvinylamine

Base polymer: preferred: water scluble polymers
More preferred: polyvinyl acetal, polyvinyl
pyrrolidone, polyallylic acid, polyvinyl alcohol,
polyethylemeimine, polyethylene oxide,
polyvinylamine
Most preferred: polyvinylacetal and copolymers and

mixtures thereof

Photo-active compounds: Preferred: a water soluble photo acid
generator
More preferred: onium salt derivative,
triazine derivative

Most preferred: onium salt derivative and

‘Mixtures thereof

Quencher: Preferred: water soluble amine
More preferred: ethylamine, dimethylamine,
diethylamine, trimethylamine, triethylamine, n-
propylamine, isopropylamine, s-butylamine, t-
butylamine, cycrohexcylamine, ethylenediamine,
hexamethyvlenediamine, monoethanclamine,
diethanclamine, triethanolamine, N-
buthyldiethanolamine, TMAH, TBAH, choline

Most prererred: TBAH and mixtures thereof



-Most preferred: polyvinylacetal and copolymers and mixtures thereof Photo-active compounds:
Preferred: a water soluble photo acid generator More preferred: onium salt derivative, triazine
derivative Most preferred: onium salt derivative and Mixtures thereof Quencher: Preferred: water
soluble amine More preferred: ethylamine, dimethylamine, diethylamine, trimethylamine,
triethylamine, n- propylamine, isopropylamine, s-butylamine, t- butylamine, cycrohexcylamine,
ethylenediamine, hexamethylenediamine, monoetHanolamine, diethanolamine, triethanolamine, N-
buthyldiethanolamine, TMAH, TBAH, choline Most prererred: TBAH and mixtures thereof 14
Cross-linking agent: Preferred: water soluble cross linking agent More preferred: urea derivative,
melamine

Cross-linking agent: Preferred: water soluble cross linking agent
More preferred: urea derivative, melamine
derivative
Most preferred methoxy-methylol-urea and
mixtures thereof

Solvent: Preferred: norn-damageable solvent to PR

More preferred: DIW

Most preferred: DIW/IPA.

The invention, of applying a water soluble negative-tone
photoresist for creating closely spaced contact holes, can be
summarized as follows:
® Starting_with s substrate, a first layer of photoresist is
deposited for creation of a pattern of contact holes
the surface of the first layer of photoresist is exposed with
a first mask, the first mask comprising a first and a second
pattern of contact holes
openings are created in the first layer of photoresist in
accordance with the first and second pattern of contact holes;
a second layver of negative-tone photoresist is deposited over
the surface of the first layer of photoresist, including the

openings created in the first layer of photoresist



-derivative Most preferred methoxy-methylol-urea and mixtures thereof Solvent: Preferred:
. non-damageable solvent to PR More preferred: DIW Most preferred: DIW/IPA. The invention, of
applying a water soluble negative-tone photoresist for creating closely spaced contact holes, can be
summarized as follows: starting with s substrate, a first layer of photoresist is deposited for creation
of a pattern of contact holes the surface of the first layer of photoresist is exposed with a first mask,
the first mask comprising a first and a second pattérn of contact holes openings are created in the
first layer of photoresist in accordance with the first and second pattern of contact holes; a second
layer of negative-tone photoresist is deposited over the surface of the first layer of photoresist,
including the openings created in the first layer of photoresist 15

¢ openings are created in the second layer of negative-tone
photoresist in accordance with the second pattern of contact
holes

¢ the first pattern of holes comprising contact holes

¢ the second pattern of holes comprising dummy holes

¢ an additional step of cross—linking the first layer of
photoresist can be performed

¢ an additional step of hardening the surface of the first layer
of photoresist, and

¢ additionally and prior to depositing a second layer of
negative-tone photoresist depositing a layer of photoresist
that is compatible with the Ffirst layer of photoresist over
the first layer of photoresist, followed by cross-linking the
first layer of photoresist and the there-with compatible

layer, forming an improved packed image in these two layers of

photoresist.

Alternately, the invention can be summarized as follows:
starting with s substrate, a first layer of photoresist is
déposited_for creation of a pattern of contact holes

the surface of the first layer of photoresist is exposed with

& mask, the mask comprising a first and a second pattern of



‘openings are created in the second layer of negative-tone photoresist in accordance with the second
. pattern of contact holes the first pattern of holes comprising contact holes the second pattern of
holes comprising dummy holes an additional step of cross-linking the first layer of photoresist can be
performed an additional step of hardening the surface of the first layer of photoresist, and
additionally and prior to depositing a second layer of negative-tone photoresist depositing a layer of
photoresist that is compatible with the first layer oft fhotoresist over the first layer of photoresist,
followed by cross-linking the first layer of photoresist and the there-with compatible layer, forming an
improved packed image in these two layers of photoresist. Alternately, the invention can be
summarized as follows: starting with s substrate, a first layer of photoresist is deposited for creation
of a pattern of contact holes the surface of the first layer of photoresist is exposed with

contact holes, creating a first and a second pattern of

exposure in the first layer of photoresist

¢ the surface of the first layer of photo resist is selectively
exposed to a source of radiation, the selective exposure being
in accordance with the second pattern of exposure in the layer
of dual-polarity resist, thereby inhibiting creating openings
in the first layer of photoresist in accordance with the
second pattern of expoesure

¢ a second layer of water scluble negative tone photoresist is
deposited over the first layer of photoresist

® the layer of water soluble negative tone photoresist is

developed in accordance with the first pattern of exposure
* the first pattern of exposure comprising contact holes, and

the second pattern of exposure comprising dummy holes.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to

include within the invention all such variations and



-a mask, the mask comprising a first and a second pattern of 16 contact holes, creating a first and a
- second pattern of exposure in the first layer of photoresist the surface of the first layer of photo resist
is selectively exposed to a source of radiation, the selective exposure being in accordance with the
second pattern of exposure in the layer of dual-polarity resist, thereby inhibiting creating openings in
the first layer of photoresist in accordance with the second pattern of exposure a second layer of
water soluble negative tone photoresist is depositéa over the first layer of photoresist the layer of
water soluble negative tone photoresist is developed in accordance with the first pattern of exposure
the first pattern of exposure comprising contact holes, and the second pattern of exposure comprising
dummy holes. Although the invention has been described and illustrated with reference to specific
illustrative embodiments thereof, it is not intended that the invention be limited to those illustrative

embodim%gtgi}'fgg@i%ﬁilllz,eq:mi@ﬁ afgivi”ﬂﬁcﬁgﬂszeche scope of the appended claims

and equivalents thereof.



that variations and modifications can be made without departing from the spirit of the invention. It is
therefore intended to include within the invention all such variations and 17 modifications which fall
within the scope of the appended claims and equivalents thereof. 18 What is claimed is: 1. A method
of applying a water soluble negative-tone photoresjst for creating closely spaced contact holes,
comprising the steps of: providing a substrate, said substrate having been provided with a first layer
of photoresist; exposing the surface of said first layer of photoresist and creating padding openings
and first desired openings in said first layer of photoresist; depositing a second layer of negative-tone
photoresist over the surface of said first layer of photoresist and covering said padding openings and

said first de¥fiéd Bﬁeﬁih@js‘%ajtéd in said first layer of photoresist, wherein the second layer of
negative-

1. A method of applving a water soluble negative-tone
photoresist for creating closely spaced contact holes, comprising
the steps of:

providing a substrate, sald substrate having been provided
with a first layer of photoresist;

exposing the surface of said first layer of phetoresist and
creating padding openings and first desired openings in said
first layer of photoresist;

depositing a second layer of negative-tone photoresist over
the surface of said first layer of photoresist and covering said
padding openings and sald first desired openings created in said
first layver of photoresist, wherein the second layer of negative-
tone photoresist comprising a water soluble negative photoresist;
and

exposing the surface of said second layver of negative-tone
photoresist and creating second desired openings in said second
layer of negative-tone photoresist and the first desired openings

which are communicated with the second desired openings therein.

2. The method of claim 1, sald second desired openings in said
seccend layer of negative-tone photoresist having larger dimension
thanr the first desired openings in said first layer of

vhotoresist.



tone photoresist comprising a water soluble negative photoresist; and exposing the surface of said
second layer of negative-tone photoresist and creating second desired openings in said second layer
of negative-tone photoresist and the first desired openings which are communicated with the second
desired openings therein. 2. The method of claim 1, said second desired openings in said second
layer of negative-tone photoresist having larger di?’ngension than the first desired openings in said first
layer of photoresist. 19 3. The method of claim 1, with an additional step of cross linking said first
layer of photoresist. 4nZhgdnethod-ef elaimql,with amadeitionak step.ef hardenipg the surface of said

first layer of ggotoresisgig. 'Il'pesrpeigod of cgaim 1, addi;_iggally and prior to depositing a second layer

of negative- onél&?ot%resst dreposmrTge ra?aygrrl of Bﬁ?)?oresist that is compatible with the first layer of

photoresist over the first layer of photoresist, followed by cross-linking the first layer of photoresist and
the there-with 4, The method of claim 1, with an additional step of hardening

the surface of said first layer of photoresist.

5. The method of claim 1, additicnally and prior to
depositing a second layer of negative-tone photoresist depositing
a layer of photoresist that is compatible with the first layer of
photeresist over the first layer of pheotoresist, followed by
cross-linking the first laver of photoresist and the there-with
compatible laver, forming an improved packed image in these two

layers of photoresist.

6. The method of claim 5 , said cross-linking comprising
exposure by a light-source, said light-source is a 365 nm, a 248

nm, a 193 nm, a 157 nm, a EUV or a EB light source.

7. The method of c¢laim 1 , said water soluble negative
photoresist preferably comprising a base polymer, a cross linking

element, photo-active compound, a guencher and & solvent.



compatible layer, forming an improved packed image in these two layers of photoresist. 6. The
method of claim 5, said cross-linking comprising exposure by a light-source, said light-source is a 365
nm, a 248 nm, a 193 nm, a 157 nm, a EUV or a EB 'light source. 7. The method of claim 1, said water
soluble negative photoresist preferably comprising a base polymer, a cross linking element,
photo-active compound, a quencher and a solven 50 8. The method of claim 7 , said base polymer
comprising between about 4 to 8% of polyvinylacetal as component of said negative-tone photoresist.
9. The method of.claimné said gressdinkingelement, cempiisingketweenaRout §:p102%;0f
ethyleneurege%% georrppgano%rg %f §@c|>d @eﬁgag%/e%tg%gvgho oresist. 10. The metgggtof c%am 7 4 said

; 8 :
photo-active compouna S comprising between a out 0.01t0 6.1% as con f)jonent of said lnegatlve-tone

photoresist. "EBEThEINeticd B et&iRT 71 58aid quencher comprising between about 1 and 30 ppm as
component of said negative-tone
9. The method of claim 7, said cross linking element
cemprising between about 0.5 to 2% of ethyleneurea as component

of sa:id negative-tone photoresist.

10. The methed of claim 7 , said photo-active compounds
comprising between about 0.01 to 0.1% as component of said

negative-tone photoresist.

11. The method of clilaim 7 , said guencher comprising between
about 1 and 30 ppm as component of said negative~tone

rhotoresist.

12. The method of claim 7 , sald solvent comprising DIW/IPA,
with DIW between about 85 and 90%, IPA between about 4 and 7% as

component cf said negative-tone photoresist.



photoresist. 12. The method of claim 7 , said solvent comprising DIW/IPA, with DIW between about 85
and 90%, IPA between about 4 and 7% as component of said negative-tone photoresist. 21 13. The
method of claim 7 , polyvinylacetal having the chemical composition of: 71 -CH2- I.LH-CH2 | C..y Jf
LJn H2n+1 with n having a value between 0 and about 4. 14. The method of claim 10, said
photo-active compound comprising OCH3, CF3S031 S(CH3)2 or mixtures thereof. 15. The method of
claim 7 , wherein said base polymer is a water soluble polymer, polyvinyl acetal, polyvinyl pyrrolidone,
polyallylic acid, polyvinyl alcohol, polyethylemeimine, polyethylene oxide, polyvinylamine, copolymers

or mixtures thereof. , { ‘
13. The method of c¢laim 7 , polyvinylacetal having the

chemical composition of:

¢
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with n having a value between ( and about 4.

14. The method of claim 10 , said photo-active compound

comprising OCHs, CF380;, S5{CHij, or mixtures thereof.

15, The method of c¢laim 7 , wherein said base polymer is a

water soluble polymer, polyvinyl acetal, polyvinyl pyrrolidone,

polyvallylic acid, polyvinyl alcohol, polyethylemeimine,
polyethylene oxide, polyvinylamine, copolymers or mixtures
thereof.

16. The method of claim 7 , wherein said phote-active

compounds is a water soluble photo acid generator, an onium salt

derivative, a trizzine derivative or mixtures thereof.

17. The method of claim 7 , wherein said guencher is water
scluble amine, ethylamine, dimethylamine, diethylamine,
trimethylamine, triethylamine, n-propylamine, isopropylamine, s-

butylamine, t-butylamine, cycrohexcylamine, ethylenediamine,



16. The method of claim 7 , wherein said photo-active compounds is a water soluble photo acid
generator, an onium salt derivative, a triazine derivative or mixtures thereof. 17. The method of claim
7 , wherein said quencher is water soluble amine, ethylamine, dimethylamine, diethylamine,
trimethylamine, triethylamine, n-propylamine, isoprgpylamine, s- butylamine, t-butylamine,
cycrohexcylamine, ethylenediamine, 22 hexametr%y enediamine, monoethanolamine, diethanolamine,
triethanolamine, N-buthyldiethanolamine, TMAH, TBAH, choline, TBAH or mixtures thereof. 18. The
method of claimekawketein:said erass-|inking relementis-a watee solublescrossainkiag:agent, urea
derivative, melamine derivative, methoxy-methylol-urea or mixt hereof. he od of claim
7 , wherein sai gjéf\%ehrﬁnlg%zﬁlérﬁe 'damageabler%(%\}lleér%lty?ogl%ﬁ, éll%lc\r)/%c%rrg I%)%\?V/IPA%Jmixt%%tg'thereof. 20.
A method of cré&ting tioseélrshaced toRtAEthGIedE Edmprising the steps of: providing a substrate,
said substrate having been provided

1i8. The method of c¢laim 7 , wherein said cross-linking
element 1s a water soluble «cross linking agent, urea
derivative, melamine derivative, methoxy-methylol-urea or

mixtures thereof.

15. The method of claim 7 , wherein said solvent is a non-

damageable solvent te PR, DIW or DIW/IPA or mixtures thereof.

20. 2 method cof creating closely spaced contact holes,

comprising the steps of:

providing a substrate, sald substrate having been provided
with a first laver of dual-polarity resist;

exposing the surface of said first layer of duai-polarity
resist, and creating a first and a second pattern of exposure in
said f£irst laver of dual-polarity resist;

selectively exposing the surface of said first lavyer of dual~
polarity resist to a source cof radiation, said selective exposure
being in accordance with said second pattern of exposure in said
first layver of dual-pelarity resist, thereby creating first

desired openings and inhibiting creating



with a first layer of dual-polarity resist; exposing the surface of said first layer of dual-polarity resist,
and creating a first and a second pattern of exposure in said first layer of dual-polarity resist;
selectively exposing the surface of said first layer of dual- polarity resist to a source of radiation, said
selective exposure being in accordance with said s3econd pattern of exposure in said first layer of
dual-polarity resist, thereby creating first desired 8penings and inhibiting creating 23 padding
openings in said first layer of dual-polarity resist in accordance with said second pattern of exposure;
depositing a:segond layenef.watensaluble Aegative tore photeresistoverthe firstdayer dfirdual-polarity

resist and covering the first desired openings;, and.develpping said.second layer of water soluble
negative tone photoresist to create second desired openings in said second layer of negative-tone

photoresist and tREist desiret! opfEififgs WHIEH articolfrhBinicaet iith tHESBEORE dESHEd openings
therein. 21. dihe:- method:of claim 20.¢ secoret desiregkbopeningsdn-gaidarity resist and

covering the first desired copenings; and

developing sald seccond laver of water soluble negative tone
photoresist to create second desired openings 1n said second
layer of negative~tone photoresist and the first desired openings

which are communicated with the second desired openings therein.

21. The method of claim 20 , second desired openings in said
second layer of negative-tone photoresist having larger dimension
than the first desired openings in said first layer of

photoresist.

22. The method of claim 20 , said selectively exposing
comprising exposure by a light-source, said light-source is a 365

am, a 248 nm, a 193 nm, a 157 nm, a EUV or a EB light source.

23. The method of claim 20 , sald water soluble negative fcne
photoresist preferably comprising a base polymer, a cross-iinking

element, photo-active compound, & quencher and a solvent.

24, The method of claim 23 , said hase pclymer comprising
between about 4 to 8% of polyvinylacetal as component of said

negative-tone photoresist.



second layer of negative-tone photoresist having larger dimension than the first desired openings in
said first layer of photoresist. 22. The method of claim 20 , said selectively exposing comprising
exposure by a light-source, said light-source is a 365 nm, a 248 not, a 193 nm, a 157 nm, a EUV or a
EB light source. 23. The method of claim 20 , said_water soluble.negative tone photoresist preferably
comprising a base polymer, a cross-linking element, photo-active compound, a quencher and a
solvent. 24. The method of claim 23 , said base polymer comprising between about 4 to 8% of
polyvinylacetal as component of said negative-tone photoresist. 24 25. The method of claim 23, said
cross linking element comprising between about 0.5 to 2% of ethyleneurea as component of said
negative-tone phdtoresist®26" ethod of tlaim 23, s fhotdSictive CBmp8uridS Edimprising
between about9:0% to . B¥-aswcomponentiofssaid régativestdnelphetoresists2 Zofkermmathod of claim
23, said qugncher gompLsing.betweedn toresist .

26. The methed of c¢laim 23 , said photo-active compounds
comprising between about 0.01 to 0.1% as component of said

negative~tone photoresist.

27. The method of claim 23 , said guencher comprising between
about 1 and 30 ppm as component of sald negative-tone

photoresist.

28. The method of claim 23 , said solvent comprising DIW/IPA,
with DIW between about 85 and %0%, IPA between about 4 and 7% as

component of said negative-tone photoresist.

29, The method of claim 24 , polyvinyvlacetal having the

chemical composition of:

—_\Li«ﬁ_mg—"‘%i’% CH. }
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with n having a value between 0 and about 4.



about 1 and 30 ppm as component of said negative-tone photoresist. 28. The method of claim 23 ,
said solvent comprising DIW/IPA, with DIW between about 85 and 90%, IPA between about 4 and 7%
as component of said negative-tone photoresist. 29. The method of claim 24 , polyvinylacetal having
the chemical composition of: H- GH 2 | H- CH2_ 7... -0 with n having a value between 0 and about
4. 25 30. The method of claim 23, said photo-actﬂ/% compound comprising OCH3, CF3S031 S(CH3)2
or mixtures thereof. 31. The method of claim 23 , wherein said base polymer is a water soluble
polymer, polyviny acetak polyvimi pyrrelidone.mpalyallylicacid, polyvinyh alcahol, felysthydemeimine,
polyethylene oxide, polyvinylami olyyinylacetal copolymers or mixtures thereof. 32. The method of
claim 23, W%%mrgfnlgglndy pﬁ%%ﬂéia%gg&br\éégé%%s is aﬂlv:\L/Dza‘lﬂtééurrseoslu%l‘%éf3 rp%%%c’) acid generator, an onium
salt

31. The method of claim 23 , wherein said base poclymer is a
water soluble polymer, polyvinyl acetal, polyvinyl pyrrolidone,
polyallylic acid, polyvinyl alcchol, polyethylemeimine,
polvethylene oxide, polyvinylamine, polyvinylacetal copolymers or

mixtures thereof.

32, The method of claim 23 , wherein said photo-active
compounds is a water scluble photc acid generator, an cnium salt

derivative, a triazine derivative or mixtures thereof.

33. The method of claim 23 , wherein sailid gquencher 1s water
soluble amine, ethylamine, dimethylamine, diethylamine,
trimethylamine, triethylamine, n-propylamine, isopropylamine, s-
butylamine, t-butylamine, cycrchexcylamine, ethylenediamine,
hexamethylenediamine, moncethanclamine, diethanolamine,
triethanclamine, WN-buthyldiethanolamine, TMAH, TBAH, choline,

TRAH or mixtures therectf.

34. The method of claim 23 , wherein said cross-linking
element is a water soluble cross linking agent, urea derivative,

nmelamine derivative, methoxy-methylol-urea or mixtures therect,

35, The methcd of claim 23 , wherein said solvent is & non-

damageable solvent to PR, DIW or DID/IPA,



- derivative, a triazine derivative or mixtures thereof. 33. The method of claim 23 , wherein said
quencher is water soluble amine, ethylamine, dimethylamine, diethylamine, trimethylamine,
triethylamine, n-propylamine, isopropylamine, s- butylamine, t-butylamine, cycrohexcylamine,
ethylenediamine, hexamethylenediamine, monoethanolamine, diethanolamine, triethanolamine,
N-buthyldiethanolamine, TMAH, TBAH, choline, TBAH or mixtures thereof. 34. The method of claim
23 , wherein said cross-linking element is a watex#oluble cross linking agent, urea derivative,
melamine derivative, methoxy-methylol-urea or mixtures thereof. 35. The method of claim 23 , wherein
said solvent is a nonwAgRIRgSahtessHvVRRGIOM R Div A" PHBHBARs YW TER SOLUBLE NEGATIVE
TONE PHOTORESIST ABSTRACT In accordance with the objectives of the invention a new water

soluble negative photoresist is provided for packing-and- unpacking (PAU) processing steps. FIG. 2D
ABSTRACT ‘

In accordance with the objectives of the invention a ney
water soluble negative photoresist is provided for packing-and~

unpacking (PAU) processing steps.

F1G. 2D



