1 WATER SOLUBLE NEGATI VE TONE PHOTORESI ST RELATED PATENT APPLI CATI ON Thi s
application is related to (TS01-376), filed on 11/30/01, Serial #
10/ 002, 986, and to (TSOL-463), filed on 12/05/01, Serial # 10/005, 806,
assigned to Common Assi gnee BACKGROUND OF THE I NVENTION (1) Field of the
I nvention The invention relates to the fabrication of integrated circuit
devi ces, *and nore particularly, to patticular chem stries for negative
photoresist. (2) Description of the Prior Art Integrated sem conductor
devices conprise electronic circuits of sub-mcron and deep sub-m cron
di rensions and are typically created in or on the surface of a silicon
substrate. The creation of sem conductor devices is supported by
sophi sticated and i nt MALER MPLURALMEUNEGATIVPPDONE rRHalioRESalSTnes. Devi ce
features are transposed froma nmask onto a sem conductor surface using
phot ol i t hogr aphi ¢ i nagi ng pr oRESSESD PASIENCeAPRLSCEKpe$uUr e depends on the
transfer of photo energy from
This application is related to (TS01-376), 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) Dgscription 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 a source to a target surface, it is to be expected that, for target
features that are created in very close proximty to each other, the
transfer of photo energy interacts for very closely spaced device
features, nost commonly interconnect |lines or contact hol es having

sub-m cron spaci ng between adjacent |ines. A conmon neasure for the
occurrence of such interaction are aBpI ications where the Critical

D nensions (CD) of the layout of the Integrated GCrcuit (1C approach the

resolution Iimt of the |ithography equi pnment. For such applications,

proximty effects begin to influence the manner in which mask i nages are

transferred to target surfaces. This interaction inposes Ilimtations on
features, these limtations are referred

t he proxim jacent devic

to as Oria?]ls %éfg%] ?rcgnagitoanrgegcﬁ)lrg?c%' HestyFake Gspeeted aymtt,. fRel at ed
applicatiqn (TSOL-376 filed on 11/30/01, Serial # 10/002,986, addresses
pr obl ems tgﬁagﬁ %?té‘f"f%énsthtaﬁaf‘rﬁr grearrdubt sfesy whesecpeerimigyopentags on a
sem condug}or surface such as the surface of a | ayer of photoresist or the
surface SFPET7 kMG r o§upRetateNer sirdpphictat fon pegviddesetwo nmasks.

The
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 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 semiconductor

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



first mask, referred to as the packed mask, conprises the desired contact
hol es, which are part of the creation of a sem conductor device. To the
packed nask are added paddi ng holes in order to 3 increase and condense the
hol e density of the packed nmask. The second mask, referred to as the
unpacki ng nmask, conprises openings at the sanme |ocations as the |ocations
of the padding holes of the first madk, the openi ngs provided in the
second mask have slightly |arger dinensions than the padding holes of the
first mask. A first exposure is nade using the packed nask, a second
exposure of the sane surface area is made using the unpacking mask. The
unpacking mask is used to selectively cover the padding contact holes,
resulting in the fi Two types of unpacki ng masks can be used, a

al i mge. )
first ty Iécﬂ%%%g?m{}r?ﬁggﬁf‘gﬁ Hot dhgensity oohdt e Pardsid e@skel heat t er n,
a second type having unpacking holes that align with the desired hole
pattern. SR ’g‘?é‘%iasdiaplrie(,fﬁf:ir@ﬁ ¥ 303 -3 unpprkédg ore g/ OSM@EisSeri al #
10/ 005, 806 provides a method of creating contact holes using a packing and
unpacki ngPPr BRE #te thrusener lapptidnsg as phaskoshiiens 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
Shiﬁting 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 O Focus (DOF) and Mask Error Factor (MEF) of closely
packed hol es can be inproved using Alternating Phase Shifting Mask (Alt
PSM for the exposure of the holes. However, the Alt PSMis dependent on
hol e density or hole separation and is |less effective where holes are
relatively further separated fromeach other. In order to inprove DOF and
MEF performance for the creation of HKoles, the application adds extra
holes to a 4 given pattern of contact holes on the surface of a first nask,
thus densifying the pattern of holes on the first mask and therefore
reduci ng the range of the hole-dianeter to hole separation ratio. The
pattern of added holes is alternating in phase with the pattern of desired
hol es. The, added r{%l es will be filled up using a second mask. US 5,573, 634
(Ham) shotsed &GHtaee H%/: EoRrastedwlesi pg hedsubfacexpbsurérphatsiesi st
process. US 5, 308,741 (Kenp) shows a doubl e exposure process with mask
shifting GHY siedsd IgRPet thgy. paises i Z, bodes Shinikzel) fishawmagkdoupl € exposur e
process with a phase shift masks (PSM.

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 exXposure process with

mask shifting and phase shifting.

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

& phase shift masks (PSM) .

US 5,017,461 (Abe), US 5,998,092 (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 et al.) US 5,648,196 (Frechet
et al.) and-US 5,532,113 (Frechet et al.) are related patents. 5 SUVWARY
OF THE I NVENTI ON A principle objective of the invention is to provide
optim zed use of photoresist coating for packing-and-unpacking nethods of
phot or esi st exposure. Another objective of the invention is to provide use
of photoresist coating for packing-afdd-unpacki ng net hods of phot oresi st
exposure that allow optinmum pattern density of the <created pattern. In
accordance with the objectives of the invention a new water sol uble
negative photoresist is provided for packing-and- unpacking (PAU)
processi ng steps. BRI EF DESCRI PTI ON OF THE DRAWNGS Figs. la through Ic

show the application of an Alt PSM of regularly packed holes and an
unpacki ng mask to desi gnate EHEMARRvRINtEHE HHIVENTEON back fill. Figs. 2a
t hrough 2d show Packi ng and Unpacki ng (PAU) wth

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 is 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 fill.

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

two coatings of photoresist.



two coatings of photoresist. 6 DESCRI PTI ON OF THE PREFERRED EVMBODI MENTS The
instant invention applies to the use of two photolithographic exposure
masks. The first exposure nask is a packed exposure mask, which conprises
holes with a single hole- to-separation ratio. This ratio may typically be
aratioof 1:1 but is not limted to this and can be extended to include
any ratio that is within the ef fecti e range of the Alt PSM The second
mask, the unpacki ng mask, conprises holes that are slightly larger than
the holes in the packed mask. The holes provided in the unpacki ng mask
have a slightly larger dianeter than the holes in the packed mask, the
hol es provided in the wunpacking nask center on the desired holes. As a
first processing step in creating a hole pattern, the packed mask is used
to delineate both tyFESRIPTRON QY THE HREFFRKESX PYBOPBIENTS been conpl et ed,
t he unpacking mask is used to selectively cover the padding hol es,
resulting in a final inmage. In using PAU with tw photoresist coatings, see
Figs. 2a through 2d, the first photoresist coating 22 is 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 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 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 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 coatings, see Figs. 2a
through 2d, the first photoresist coating 22 is exposed with the
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.



packed mask and devel oped as usual. As a second step, a conpatible second
| ayer 26 of photoresist is coated over the surface of the delineated inmage
of the first photoresist coating wthout affecting the first photoresist
coating. For the application of the second photoresist coating it may be
required, in order to maintain the image created in the first coating of
phot oresist, to harden and/or cross li‘nk the first |ayer of photoresist.
For this purpose two |ayers of photoresist can be used for the formation
of the first coating of photoresist, the bottoml|ayer of these two |ayers
of photoresist is first cross linked after which an i mgi ng |ayer of
photoresist is coating over the surface of the cross |linked | ayer of
phot oresist. The imagi ng_ | ayer preferably conprises elenments that forma
non-vol ati |l e coWpdisdareléRabiorief ddwe, segphdgpiRetctdsiast Id@ﬁtEh?hit( RlE of
oxi de or oxide containing |layers. The inmaging |ayer is then delineated by
appl yi ng B2 rReq@igechi A5 andeservemiatainhehti f84gé ayesatefa BROLREepi St For
t he second | ayer of photoresist that is required for the procedure of
usi ng PAUCe#ting ws photoresist, coathaigen eh&)er cROSE Lk PheNEOALI Ve
phot oresi st can be used.

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
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
Procedure of using PAU with two photoresist coatings, either

pPositive 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.



If a positive photoresist is used for the second | ayer of photoresist, a
light-field unpacki ng mask based on the padding holes results in coverage
of the padding holes and a dark-field unpacking nmask based on the desired
hol es results in coverage of the background. 8 If a negative photoresist
is used for the second | ayer of photoresist, a dark-field unpacking mask
based on the padding holes exposes t e second | ayer of photoresist at the
padding holes to nake theminsoluble in the resist devel oper, resulting
in coverage of the padding holes. Alternatively, a light-field unpacking
mask based on the desired hol es exposes the negative second |ayer of
photoresist in all areas except where the desired holes are |ocated and
results in coverage of the background. The above described process will now
be further hi ghlagtedivesphgtPirgsist ais hrsmuglforsthads&aortdineygh 3¢ f or
this purpose. Referring specifically to Figs. la through lIc, there is
shown t hphappkeshst o afardn fALLdPGhbatkiegwaakl papacked t1d eadandg an
unpacki ng mask to designate the unwanted holes for back fill; as follows:

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 highlighted

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 reqularly packed holes and
. an unpacking mask to designate the unwanted holes for back £111,

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. 1b, shows an unpacking mask, designating the unwanted

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



- 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.

| b, shows an unpacki ng nmask, designating the unwanted holes to protect the
unwant ed hol es from back filling; holes 11 9 (provided on the unpacking
mask 12) are of larger dinmensions tha® the holes 16 and 18 (provi ded on

t he packed mask 10), and - 14, Fig. lc, the final imge that is obtained by
applying the packed mask and the unpacked nmask; desired holes 13 are
created, Figs. 2a through 2d show Packi ng and Unpacking (PAU) with two
coatings of photoresist, as follows: - 20, Fig. 2a, a sem conductor
surface, typically the surface of a substrate; - 22, a first |ayer of

phot or esi girovtikedf bnsthé ayeraakingphabar 28] sdrdast heerjepatit eSS idpgt he
packed mask - 23, a padded hole created through the first |ayer 22 of

phot oresitdte holes 16 and 18 (provided on the packed mask 10), and
- 14, Fig. 1lc, 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 photoresist, filling
opgnings 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.




- 24, a desired hole created through the first layer 22 of photoresist -
26, Fig. 2b, a second | ayer 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, |eaving photoresist in place covering padded
opening 23, and - 27, Fig. 2d, a second unpack, |eaving background | ayer of
photoresist in place. 10 The specificl&nd preferred selection of the
photoresist that 1is used for layers 22 and 26 of Figs. 2a through 2c 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 devel oped. For the second | ayer 26 of photoresist, the preferred

resi st of the ThwvepecdAicsamd iateaferrzal ubhecPegatd ¥ & HLShSE second
layer 26 of photoresist is coated on the delineated fﬁ?%t F5§£§ﬁ?§%ﬁF
phot or esi $¢ usmbdor layers 22 and 26 of Figs. 2a through 2c¢ 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 resist 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 two-fold:




wi thout affecting this first delineated |ayer 22 of photoresist, hence the
second | ayer 26 of photoresist is preferred to conprise a water sol uble
negative resist. After the second | ayer 25 of negative photoresist has
been deposited, the second | ayer photolithographic nmask is used to expose
the second | ayer 26 of photoresist, using water to develop this |ayer and
create the pattern of layer 26 that 15 shown in cross sections of Figs. 2c
and 2d. The advantages of using water soluble photoresist for the second
| ayer 26, Figs. 2b through 2d, are two-fold: 11 1. Normal photoresi st
conprises a solvent that danmages the first pattern 22, Fig. 2a, of
phot oresi st, water soluble photoresist does not contain such a solvent,
and 2. Water is used for the devel opnent of a water sol uble |ayer of
phot or esilstNonmails phateresioss qeoprdarage shbvdninddrdtyidaghgbsreiie fiayer 22 of
photoresi st. The invention can be summari zed as follows: the invention
provi des f grataefrinr 82, | Bygr 2, piopbpesissishatwateARoileBse apdSd tdsM&+Or
negative photoresist, this first layer

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 a positive or negative photoresiét, 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 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

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




of resist is exposed and devel oped wth a packed exposure mask and
developed in addition to and followi ng creating the exposed and devel oped
first layer of photoresist using a packed exposure nask, a conpatible
(wth the first layer of resist) layer of photoresist is deposited, this
wi thout affecting the wunderlying layer of first photoresist, the two

| ayers can then be cross-linked to fbfman i nproved packed i mage in these
two |ayers of photoresist the second | ayer of photoresist, |ayer 26,
preferably conprises a water soluble negative resist; this latter |ayer
can be cross linked by exposure by a 365 nmor a 248 nmor a 193 nmor a
157 nmor a EUV or a EB light source, and 12 e in the water sol uble
negative photoresist, it is preferred that this layer conprises 1) a base

pol yner swuclnashe poiten wypllabéeahegat twe §Hoto2pststy obs 14 MdeFarebgment such
as ethyleneurea (0.5 to 2%, 3) photo-active conpounds (0.01 to 0.1%, 4)

a quencher t¢hetweeins dbgelr toapdiSés ppia aaGeSpodymsPl M&sH such as DIW I PA,
with DI Wbetween about 85 and 90%
polyvinylacetal (4 to 8%), 2) a cross linking element such as
ethyleneurea (0.5 to 2%), 3) photo-active compounds (0.01 to
0.1%), 4) a quencher (between about 1 and 30 ppm) and 5) a
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: --(~-CH~CH;-CH-CHp—~) ——

H2n+1 (with n having a value between 0 and about’ 4).
2. a photo-active compound comprising OCH3, CF3SO; and S (CHs) 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 following.



| PA between about 4 and 7% O these latter elenments, the followng details
can be provided. 1. a base polyner such as pol yvinylacetal has the chem cal
conposition of: --(--CHCH2-CHCH2--)- 1 I I'I 00\ / CHn+l (withn
havi ng a val ue between 0 and about 4). 2. a photo-active conpound
conprising OCH3, CF3S3 and S(CH3)2 3. of the ethyleneurea, the structure
i s unknown due to the nixture of varildus al kyl groups. Further detai
relating to the preferred materials of the invention is provided
followi ng. 13 Base polyner: preferred: water soluble polyners Mre
preferred: polyvinyl acetal, polyvinyl pyrrolidone, polyallylic acid,

pol yvi nyl al cohol,

Base polymer: preferred: water soluble 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,
hexamethylenediamine, monoethanolamine,
diethanolamipe, triethanolamine, N-
buthyldiethanolamine, TMAH, TBAH, choline

Most prererred: TBAH and mixtures thereof




pol yet hyl enei m ne, pol yet hyl ene oxi de, polyvinylam ne Most preferred:
pol yvi nyl acetal and copol yners and m xtures thereof Photo-active
conpounds: Preferred: a water soluble photo acid generator Mbore
preferred: oniumsalt derivative, triazine derivative Mst preferred:
oniun salt derivative and M xtures thereof Quencher: Preferred: water
sol ubl e amine More preferred: ethylanthe, dinethylanine, diethylanine,
trimethylam ne, triethylamne, n- propylam ne, isopropylam ne,
s-butylam ne, t- butylam ne, cycrohexcyl am ne, ethyl enedi am ne,
hexanet hyl enedi am ne, nonoet hanol am ne, di et hanol am ne, triethanol am ne,
N- but hyl di et hanol am ne, TMAH, TBAH, choline Mst prererred: TBAH and

m xtures thereof 14
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: 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
sunmarized 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 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




Cross-linking agent: Preferred: water soluble cross |linking agent Mre
preferred:. urea derivative, nelam ne derivative Mst preferred

met hoxy-met hyl ol -urea and m xtures thereof Solvent: Preferred:

non- damageabl e solvent to PR Mre preferred: DIW Mst preferred: DI WIPA
The invention, of applying a water sol uble negative-tone photoresist for
creating closely spaced contact hol esl5 can be summarized as foll ows:
starting with s substrate, a first |layer of photoresist is deposited for
creation of a pattern of contact holes the surface of the first |ayer of
photoresist is exposed with a first mask, the first mask conprising 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 BgéeSigs aFeSegented ayertif seegati Yeybonsr PR e8L8bndS
deposited over the surface of the first layer of photoresist, including the

photoresist in accordance with the second pattern of contact
holes ,

e 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 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
deposited.for creation of a pattern of contact holes

the surface of the first layer of photoresist is exposed with

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




openings created in the first |layer of photoresist 15 open

in the second | ayer of negative-tone photoresist in accorda
second pattern of contact holes the first pattern of holes
contact hol es the second pattern of holes conprising dunmy

ngs are created
nce with the
conpri si ng

hol es an

additional step of cross-linking the first |ayer of photoresist can be
performed an additional step of hardéhing the surface of the first |ayer
of photoresist, and additionally and prior to depositing a second | ayer of

negati ve-tone photoresist depositing a | ayer of photoresist
conpatible wwth the first |layer of photoresist over the fir
phot oresist, followed by cross-linking the first layer of p

the there-wdi i CQMRRLELD! ecrédyaly 4 ¢iFsRIaRA grggéaﬁadﬁg%gggg

two | ayers of photoresist. Alternately, the invention can

that is
st | ayer of
hot or esi st and

sprge in these
e sumuari zed as

foll ows:

SLAdS Wht bns BUDSt ratRr B¢l bhstoldyal, of photoresist is

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

second pattern of exposure

the

®© a second layer of water soluble 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



deposited for creation of a pattern of contact holes the surface of the
first layer of photoresist is exposed with a mask, the nmask conprising 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
radi ati on, the selective exposure bei h§ in accordance with the second
pattern of exposure in the |ayer of dual-polarity resist, thereby
inhibiting creating openings in the first |layer of photoresist in
accordance wth the second pattern of exposure a second |ayer of water

sol ubl e negative tone photoresist is deposited over the first |ayer of
photoresi st the |layer of water soluble negative tone photoresist is

devel opegdifiigettrmmmddch Al helthisttigattcope of thposprended khdafing St
pattern of exposure conprising contact holes, and t he second pattern of
exposur endoppuisdpturimerhofes. Al t hough the invention has been descri bed
and illustrated with reference to specific illustrative enbodi nents

t hereof, it



is not intended that the invention be limted to those illustrative

enbodi nents. Those skilled in the art will recognize that variations and
nodi fications can be made w thout departing fromthe spirit of the
invention. It is therefore intended to include within the invention al
such variations and 17 nodifications which fall within the scope of the
appended cl ai ns and equi val ents thereb¥. 18 What is claimed is: 1. A method
of applying a water sol uble negative-tone photoresist for creating closely
spaced contact holes, conprising the steps of: providing a substrate, said
substrate having been provided wth a first |layer of photoresist for
creation of a pattern of contact holes; exposing the surface of said first
| ayer of otore |st % . a first mask, said first mask conprising a first
and a se &r'A”of - cont act hol es; creating openings in said first

layer of phOtOt%%hsgf applying a water soluble negative-tone photoresist

for creating closely spaced contact holes, comprising the steps
of:

providing a substrate, said substrate having been provided
with a first layer of photoresist for creation of a pattern of
contact holes;

exposing the surface of said first layer of photoresist with
a first mask, said first mask comprising a first and a second
pattern'of contact holes;

creating openings in said first layer of photoresist in
accordance with said first and second pattern of contact holes;

depositing a second layer of negative-tone photoresist over
the surface of said first layer of photoresist, including said
openings created in said first layer of photoresist; and

creating openings in said second layer of negative-tone

photoresist in accordance with said second pattern of contact

holes.

2. The method of claim 1, said first pattern of holes comprising

contact holes.

3. The method of claim 1, said second pattern of holes comprising

dummy holes.



accordance with said first and second pattern of contact holes; depositing
a second | ayer of negative-tone photoresist over the surface of said first
| ayer of photoresist, including said openings created in said first |ayer
of photoresist; and creating openings in said second | ayer of

negati ve-tone photoresist in accordance with said second pattern of contact
holes. 2. The method of claim 1, saidl%irst pattern of holes conprising
contact holes. 3. The method of claim1l, said second pattern of holes
conprising dunmy holes. 19 4. The nmethod of claim1l, with an additional
step of cross linking said first |layer of photoresist. 5. The nmethod of
claiml1l, with an additional step of hardening the surface of said first

| ayer of photoresist. 6. The nethod of claim1l, additionally and prior to
deposi ting me seepsd dRydninf 1pegath wer taalid tphob br esdstofdepossti ng a | ayer
of photoresist that is conpatible with the first [ayer of photoresist over
the first;iang sofa photsar esyst, of ophammeb iyt .

5. The method of claim 1, with an additional step of hardening

the surface of said first layer of photoresist.

6. The method of claim 1, additionally and prior to depositing a
second layer of negative-tone photoresist depositing a layer of
photoresist 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
compatible layer, forming an improved packed image in these two

layers of photoresist.

7. The method of claim 6, 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.

8. The method of claim 1, said negative~tone photoresist
preferably comprising a water soluble negative photoresist.
2. The method of claim 8, said water soluble negative photoresist
preferably comprising a base polymer, a cross linking element,

photo-active compound, a guencher and a solvent.



cross-linking the first |layer of photoresist and the there-with conpatible
| ayer, formng an inproved packed inmage in these two | ayers of

photoresist. 7. The nethod of claim®6, said cross-linking conprising
exposure by a light-source, said |light-source is a 365 nm a 248 nm a 193
nm a 157 nm a EUW or a EB |ight source. 8 The nethod of claiml1, said
negati ve-tone phot oresi st preferablyonnprising a wat er sol ubl e negative
photoresist. 9. The nethod of claim8, said water sol uble negative
photoresi st preferably conprising a base polymer, a cross linking el enent,
phot o-active conmpound, a quencher and a solvent. 20 10. The nethod of claim
9, said base polyner conprising between about 4 to 8% of pol yvinyl acet al
as conponent of said negative- tone photoresist. 11. The nmethod of claim9,
sai d crosgs. |THKinRghedeaentlcion®,i send bhst wedyrelroabmpPr bs irgy 2%teken

et hyl eneurea as conponent of said negative-tone photoresist. 12. The

met hod ofp&h@idant?, ssabd PhDirAGlEiceeat oapotMEBRANPLIESEAY Refadea-about
0.01 to 0.1% as conponent of said negative-tone

tone photoresist.

11. The method of claim 9, said cross linking element comprising
between about 0.5 to 2% of ethyleneurea as component of said

negative-tone photoresist.

12. The method of claim 9, said photo-active compounds comprising
between about 0.01 to 0.1% as component of said negative-tone

photoresist.

13. The method of claim 9, said quencher comprising between about

1 and 30 ppm as component of said negative-tone photoresist.

14. The method of claim 9, 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.




photoresist. 13. The nethod of claim9, said quencher conprising between
about 1 and 30 ppm as conponent of said negative-tone photoresist. 14. The
met hod of claim9, said solvent conprising DIWIPA with D Wbetwen about
85 and 90% | PA between about 4 and 7% as conponent of said negative-tone
photoresist. 21 15. The nethod of claim 10, polyvinylacetal having the

chem cal conposition of: --(--CH-CH2-%}+C}Q--)-- 1 11 OO0 \/ CH2n+l
with n having a val ue between 0 and about 4. 16. The nethod of claim 12,
sai d photo-active conmpound conprising OCH3, CF3SO3, S (CH3) 2 or m xtures
thereof . 17. The nethod of claim9, wherein said base polyner is a water
sol ubl e pol yner, polyvinyl acetal, polyvinyl pyrrolidone,

15. The method of claim 10, polyvinylacetal having the chemical

composition of: —-—(—-~CH-CH2-CH-CH2-~)--
I I
l |
o) 0
\ /
C
Hont1

with n having a value between 0 and about 4.

16. The method of claim 12, said photo-active compound comprising

OCHs, CF3503, S(CH3)2 or mixtures thereof.

17. The method of claim 9, wherein said base polymer is a water
soluble polymer, polyvinyl acetal, polyvinyl pyrrolidone,
polyallylic acid, polyvinyl alcohol, pclyethylemeinine,
polyethylene oxide, polyvinylamine, copolymers or mixtures

thereof.

‘ 18. The method of claim 9, wherein said photo-active compounds is
a water soluble photo acid generator, an onium salt derivative, a

triazine derivative or mixtures thereof.

15. The method of claim 9, wherein said quencher is water'soluble
amine, ethylamine, dimethylamine, diethylamine, trimethylamine,
triethylamine, n-propylamine, isopropylamine, s-butylamine, t-

butylamine, cycrohexcylamine, ethylenediamine,




pol yal lylic acid, polyvinyl alcohol, polyethyleneimne, polyethylene

oxi de, pol yvinylam ne, copolyners or m xtures thereof. 18. The nethod of
claim9, wherein said photo-active conpounds is a water soluble photo acid
generator, an oniumsalt derivative, a triazine derivative or mxtures
thereof. 19. The nethod of claim9, wherein said quencher is water soluble
am ne, ethylam ne, dinethylarnine, di%@hylanine, tri met hyl am ne,
triethylam ne, n-propylam ne, isopropylamne, s-butylamne, t- butylam ne,
cycrohexcyl am ne, ethyl enedi am ne, 22 hexanet hyl enedi am ne,

nonoet hanol am ne, diethanol am ne, triethanol am ne, H buthyl di ethanol am ne,
Tt 4AH, TBAH, choline, TBAH or m xtures thereof. 20. The nethod of claim9,
wherein said cross-linking ele t i a water soluble cross |inking agent,
ur ea dé?¥%@ﬁﬁhﬁ%emﬁéﬁéﬁ?ﬁ%"H@FQSE?PQz?m+&ﬁ%6§§¢§épﬁ}ﬁ%&mﬁrea or mixtures
thereof. 21. The nethod of claim9, wherein said solvent is a non
danagehbi et koralaminee PROVEIMACILEDRIPI BRS. AMRfur EBAEhethedfine22. A net hod

of creating closely spaced contact holes, conprising
TBAH or mixtures thereof.

20. The method of claim 9, wherein said cross-linking element is
a water soluble cross linking agent, urea derivative, melamine

derivative, methoxy-methylol-urea or mixtures thereof.

21. The method of claim 9, wherein sadid solvent is a non-—

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

22. A method of creating closely spaced contact holes, comprising
the steps of:

providing a substrate, said substrate having been provided
with a first layer of photoresist for creation of a pattern of
contact holes;

exposing the surface of said first layer of photoresist with
a mask, said mask comprising a first and a second pattern of
contact holes, creating a first and a second pattern of exposure
in said first layer of photoresist;

selectively exposing the surface of said first layer of
photo resist to a source of radiation, said selective exposufe
being in accordance with said second pattern of exposure in said

layer of dual-polarity resist, thereby inhibiting creating




the steps of: providing a substrate, said substrate having been provided
wth a first |layer of photoresist for creation of a pattern of contact

hol es; exposing the surface of said first |ayer of photoresist with a
mask, said mask conprising a first and a second pattern of contact holes,
creating a first and a second pattern of exposure in said first |ayer of
phot oresi st; selectively exposing t he2kurface of said first | ayer of Photo
resist to a source of radiation, said selective exposure being in
accordance with said second pattern of exposure in said |ayer of

dual -polarity resist, thereby inhibiting creating 23 openings in said first
| ayer of photoresist in accordance with said second pattern of exposure;

depositing a second |, . 0 ter sol ubl i to t i st over
tho Tir9Penayes o1 QL GrEST ol iV ahd ! GhoSEecng: shf P IagerRor TR "o ubl e
negative tone photoresist in accordance with said first pattern of

exposur said3seqend RAREINPL FERITYE said first pattern of exposure

depositing a second layer of water soluble negative tone
photoresist over the first layer of photoresist; and
developing said layer of water soluble negative tone

photoresist in accordance with said first pattern of exposure.

23. The method of claim 22, said first pattern of exposure

comprising contact holes.

24. The method of claim 22, said second pattern of exposure

comprising dummy holes.

25. The method of claim 22, said selectively exposing 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.

26. The method of claim 22, said water soluble negative tone
photoresist preferably comprising a base polymer, a cross-linking

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

27. The method of claim 26, said base polymer comprising between

about 4 to 8% of polyvinylacetal as component of said negative-

tone photoresist.



conprising contact holes. 24. The nethod of claim 22, said second pattern
of exposure conprising dummy holes. 25. The nethod of claim 22, said

sel ectively exposing conprising exposure by a |ight-source, said
light-source is a 365 nm a 248 nm a 193 nm a 157 nm a EOV or a EB

Il ight source. 26. The nethod of claim 22, said water sol uble negative tone
phot oresi st preferably conprising a bdse polymer, a cross-linking elenent,
phot o-active conmpound, 'a quencher and a solvent. 27. The nethod of claim
26, said base pol yner conprising between about 4 to 8% of polyvinyl acetal
as conponent of said negative- tone photoresist. 24 28, The method of claim
26, said cross linking elenment conprising between about 0.5 to 2% of

et hyl eneurea as conponent. of i d__negative-t.one photoresist. 29. .The

net hod 85=cTQﬁrﬁ%ﬂ?Pd38§dcbﬁﬂ? ?%cfﬁ%é 88%%%dﬁﬁ@lngoﬁ%?@%?%dxﬂ$Fﬁ€éﬂ9about
0.01 to 0.1% as conponent of said__negative-tone photoresist. 30. The

net hod beteeen mopeit Qa?dt?uPeﬁqafeFtBéfﬁ—gP?‘é’Ferf’g aoseﬁe@eﬁnent of said

negative-tone photoresist.

29. The method of claim 26, said photo-active compounds
comprising between about 0.01 to 0.1% as component of said

negative-tone photoresist.

30. The method of claim 26, said quencher comprising between
about 1 and 30 ppm as component of said negative-tone

photoresist.

31. The method of claim 26, 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.

32. The method of claim 27, polyvinylacetal having the chemical

composition of: -~ (~-CH-CH2~CH-CHz--)--
I I
b !
0 o
\ /
C
Hone1

with n having a value between 0 and about 4.




about 1 and 30 ppm as conponent of said negative-tone photoresist. 31. The
met hod of claim 26, said solvent conprising DIWIPA, wth D Wbetween
about 85 and 90% | PA between about 4 and 7% as conponent of said

negati ve-tone photoresist. 32. The nmethod of claim27, polyvinylacetal

havi ng the chem cal conposition of: --(--CH CH2-CH CH2--)- H2n+l1 with n
havi ng a val ue between 0 and about 4.2%5 33. The nethod of claim 26, said
phot o- acti ve compound conprising OCH3, CF3SO3, S (CH3) 2 or m xtures
thereof. 34. The nethod of claim 26, wherein said base polyner is a water
sol ubl e pol yner, polyvinyl acetal, polyvinyl pyrrolidone, polyallylic

aci d, polyvinyl alcohol, polyethyleneimne, polyethylene oxide,

pol yvi nyl am ne, pol yvinyl acetal copolyners or mxtures thereof. 35. The
net hod 88- cTa¢ MLEOWREr E1A1B of @F W%%Wécébﬁ%munﬁscammi@ngsol ubl e
photo acid generator, an oniumsalt derivative, a triazine derivative or

m xt ur e§CHheC&a$03, S(CH3)2 or mixtures thereof.

34. The method of claim 26, wherein said base polymer is a water
soluble polymer, polyvinyl acetal, polyvinyl pyrrolidone,
polyallylic acid, polyvinyl alcohol, polyethylemeiﬁine,
polyethylene oxide, polyvinylamine, polyvinylacetal copolymers or

mixtures thereof.

35. The method of claim 26, wherein said photo-active compounds
is a water soluble photo acid generator, an onium salt

derivative, a triazine derivative or mixtures thereof.

36. The method of claim 26, 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.

37. The method of claim 26, wherein said cross-linking element is
a4 water soluble cross linking agent, urea derivative, melamine

derivative, methoxy-methylol-urea or mixtures thereof.



36. The nethod of claim 26, wherein said quencher is water soluble am ne,
et hyl am ne, dinethylam ne, diethylamne, trinmethylamne, triethylam ne,

n- propyl am ne, isopropyl am ne, s- butylam ne, t-butylam ne,

cycrohexcyl am ne, ethyl enedi am ne, hexanet hyl enedi am ne, nonoet hanol am ne,
di et hanol am ne, triethanol am ne, N buthyl di et hanol am ne, TMAH, TBAH,
choline, TBAH or m xtures thereof. 3% The nmethod of claim 26, wherein
said cross-linking element is a water soluble cross |inking agent, urea
derivative, nelam ne derivative, nethoxy-methylol-urea or mxtures

t her eof . §65T§]8' The nethod of claim 26, wherein said solvent is a non
damageabf® SIS BRERPY PR SBW & DFPeFPM said solvent is a non-

damageable solvent to PR, DIW or DID/IPA.




