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(57) ABSTRACT 

A method for forming a Self aligned pattern on an existing 
pattern on a Substrate comprising applying a coating of a 
Solution containing a masking material in a carrier, the 
masking material having an affinity for portions of the 
existing pattern; and allowing at least a portion of the 
masking material to preferentially assemble to the portions 
of the existing pattern. The pattern may be comprised of a 
first Set of regions of the Substrate having a first atomic 
composition and a Second Set of regions of the Substrate 
having a Second atomic composition different from the first 
composition. The first Set of regions may include one or 
more metal elements and the Second Set of regions may 
include a dielectric. The first and Second regions may be 
treated to have different Surface properties. Structures made 
in accordance with the method. Compositions useful for 
practicing the method. 

100 200 OO 

Selectively 
Remove 

  





US 2005/0233597 A1 

}\ \ \ 

00||00Z 00 I 00Z 

Patent Application Publication Oct. 20, 2005 Sheet 2 of 7 

    

  

  



US 2005/0233597 A1 

, , ,\ \ \}); 

? 00£ 

00€ 

Patent Application Publication Oct. 20, 2005 Sheet 3 of 7 





US 2005/0233597 A1 

\ \ \\ \ \\ \ \ 
3 ~T__ ___LNo. 4 „_ 3,T_LOE 009009 

uo?diospy ?equêJajºu? Áquo?eJºu99 XseW pºuõIIV JIØS JOJ poqº W q1XIS :S ?!!! 

Patent Application Publication Oct. 20, 2005 Sheet 5 of 7 



Patent Application Publication Oct. 20, 2005 Sheet 6 of 7 US 2005/0233597 A1 

3 

  



US 2005/0233597 A1 

000 ||99 
?79 

000 IZ£ 001|{| 9 I#7 

30! AÐGI Jojonpuoo?uu3S JO A9IA ?euo?09S SSOIO : L (31+ 

Patent Application Publication Oct. 20, 2005 Sheet 7 of 7 

O 
O 
CN 
ve 

  



US 2005/0233597 A1 

NONLITHOGRAPHIC METHOD TO PRODUCE 
SELF-ALIGNED MASK, ARTICLES PRODUCED 
BY SAME AND COMPOSITIONS FOR SAME 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. This application is related to the application 
entitled “Nonlithographic Method to Produce Mask by 
Selective Reaction, Articles Produced, and Compositions for 
Same" (docket number YOR920020155US1) by the same 
inventors as the present invention, filed on the same day as 
the present application, and assigned to the same assignee as 
the present application and which is incorporated herein by 
reference as if fully set forth herein. 

FIELD OF THE INVENTION 

0002 This invention relates to the production of patterns 
on a Substrate having regions with different compositions or 
different Surface treatment. More particularly, it relates to a 
method of producing fine patterns on Substrates used in, for 
example, the microelectronics industry on which electronic 
devices are fabricated. It is also related to devices fabricated 
in accordance with the methods. The patterns are fabricated 
accurately and inexpensively without the use of lithography. 
The present invention also provides many additional advan 
tages, which shall become apparent as described below. 

BACKGROUND OF THE INVENTION 

0003) A number of applications and technologies involve 
Structures having a well-defined arrangement of chemically 
distinct components. Normally, these Structures are defined 
by patterning processes Such as lithography, embossing, and 
Stamping, and have length Scales ranging from 10 nanom 
eters to Several microns. In many of these Systems it may be 
necessary or highly beneficial to apply an additional com 
ponent or treatment to only one of the components at the 
Surface. One commonly used technique for doing this is 
through the use of a mask to protect regions where this 
additional application or treatment is not desired. Effec 
tively, the mask material directs this treatment to the 
intended Surfaces, which are fully exposed. Unfortunately, 
typical procedures used to generate a mask by lithographic 
or other means can be expensive and error prone. Thus, 
techniques for circumventing these conventional approaches 
would be highly advantageous. 
0004. A particular example in which such strategies 
would be useful involves integrated circuits comprised of 
metal and dielectric components. It is widely known that the 
Speed of propagation of interconnect Signals is one of the 
most important factors controlling overall circuit Speed as 
feature sizes are reduced and the number of devices per unit 
area is increased. Throughout the Semiconductor industry, 
there has been a Strong drive to reduce the dielectric con 
Stant, k, of the dielectric materials existing between metal 
lines and/or to minimize the thickness of layerS have com 
paratively larger dielectric constants, e.g., cap barrier layer. 
Both of these approaches reduce the effective dielectric 
constant, k, of the components between metal lines and as 
a result, interconnect Signals travel faster through conduc 
tors due to a reduction in resistance-capacitance (RC) 
delayS. Unfortunately, these Strategies are difficult to imple 
ment due to limitations in maintaining Sufficient properties, 
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i.e., mechanical, barrier, electrical, etc., that result with a 
reduction in thickness or a change in the chemistry of the 
layers. 

SUMMARY OF THE INVENTION 

0005. This invention relates to a method to fabricate 
mask layerS onto a pre-patterned Substrate having two or 
more chemically distinct Surface regions, or two or more 
Surface regions that have undergone different Surface treat 
ment. The mask layer is deposited by a Self-assembly 
approach that provides Self-alignment of the layers. This 
method can apply to any technology or application involving 
a chemically or physically heterogeneous Substrate includ 
ing: interconnect Structures for high Speed microprocessors, 
application specific integrated circuits (ASICs), flexible 
organic Semiconductor chips, and memory Storage. Other 
Structures that can be fabricated utilizing this method 
include: displays, circuit boards, chip carriers, microelec 
tromechanical systems (MEMS), chips for hi-thoughput 
Screening, microfabricated fluidic devices, etc. The utility of 
this method stems from a simple and robust means in which 
the replication of a patterned Substrate to generate a mask 
layer can be performed, circumventing the requirement for 
difficult and error prone methods, Such as lithography. Thus, 
the present invention provides an extremely advantageous 
alternative to the prior art techniques. 
0006. In the example of integrated circuits, the effective 
dielectric constant is reduced by the use of a process where 
layers are selectively placed upon the metal lines. To do this, 
mask layers are first applied to the dielectric or hard mask 
Surfaces. These layers are generated by Self-assembly 
mechanisms described below. By using these processes the 
layers can be Self-aligned Such that lithographic processes 
are not required to define the features. Upon Self-alignment 
on the dielectric/hard-mask Surfaces, these layers, can then 
be used as a mask for Subsequent deposition of other layers 
which Serve as: diffusion barriers to copper, OXygen and/or 
water, layers which reduce the electromigration attributes of 
the metal lines, and Seed layers. 
0007 Thus, in the example of integrated circuits, the use 
of the Self-aligned masks allows a simplified fabrication 
process in which the effective dielectric constant between 
metal lines can be reduced through Selective application of 
various materials to the metal lines. This is of great impor 
tance in maximizing the propagation Speed of interconnect 
Signals and ultimately provides faster overall circuit perfor 
mance. Furthermore, the present invention leads to a higher 
level of protection and reliability of interconnect Structures 
and to reduced processing costs. 
0008 Another application of this invention is its use for 
Semiconductor packaging Substrates which are comprised of 
conductors (usually copper) and insulators (usually epoxy, 
polyimide, alumina, cordierite glass ceramic and the like) 
disposed adjacent to each other. The conductors can be 
protected from external ambients, and process exposures 
Such as Soldering and wet etching. This protection can be 
achieved by using the various methods of forming Selective 
coatings on the conductor. Alternately, Selective coating on 
the dielectric by one of the exemplary methods can leave the 
metal exposed for further processing by methods Such as 
electroleSS plating to add additional metal layerS Such as 
nickel, cobalt, palladium, gold and others, on top, without 
exposing the dielectrics to these proceSS Steps. 
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0009. The ability to accomplish these selective modifi 
cations without the use of lithographic processing leads to 
cost reductions and is particularly advantageous in micro 
electronic packaging which is very cost Sensitive. 

0.010 Although, the utilization of the self-aligned masks 
are described for microelectronic parts, this method is envi 
Sioned to be useful for any application whereby the modi 
fication of a specific component in a pre-patterned Substrate 
is beneficial. 

0.011 Thus, the invention is directed to a method for 
forming a Self aligned pattern on an existing pattern on a 
Substrate comprising applying a coating of a Solution con 
taining a masking material in a carrier (or Solvent), the 
masking material having an affinity for portions of the 
existing pattern; and allowing at least a portion of the 
masking material to preferentially assemble to the portions 
of the existing Substrate pattern. The masking material may 
be an amorphous polymeric System having any chain archi 
tecture (including linear, networked, branched, dendrimeric) 
and can contain one or more monomeric units.) In general, 
the masking material may be Selected from the group 
consisting of: poly(Vinyl pyridines), poly(Vinyl pyrroli 
dones), poly(Vinyl imidazoles) poly(Stryenes), poly(esters), 
poly(methacrylates), poly(acrylates) and poly(glycols), 
polycarbonates, polyvinylacetates polyalkyls, polyamides, 
polynitriles, polyureas, polyurethanes, polyethers, poly Sul 
fones, polythioethers, polyoxazoles, polyimides, polyhet 
erocyclics, polysilicones, and polysilanes. In general, these 
materials have an affinity for dielectrics. The patterned 
Substrate may be comprised of a first Set of regions of the 
Substrate having a first atomic composition and a Second Set 
of regions of the SubStrate having a Second atomic compo 
sition different from the first composition. The first set of 
regions may include one or more metal elements and the 
Second Set of regions may include a dielectric. 

0012. The masking material may include a first polymer 
and a Second polymer, the first polymer having an affinity for 
the first Set of regions and the Second polymer having an 
affinity for the Second Set of regions, So that the first polymer 
coats the first regions and the Second polymer coats the 
Second regions. The method may further comprise a step of 
Selectively removing the first polymer, leaving behind the 
Second polymer on the Second Set of regions which can Serve 
as the patterning layer. This may be accomplished by 
rinsing, ultraSonication, dissolution, thermolysis, chemical 
reaction, irradiation, and/or decomposition. The first Set of 
regions may include one or more metal elements and the 
Second Set of regions may include a dielectric. 

0013 The first polymer is selected from the group con 
sisting of poly(Vinyl pyridines), poly(Vinyl pyrrolidones), 
poly(Vinyl imidazoles) poly(styrenes) and poly(esters), 
polyphosphaZenes, polythiophenes, polyimines, polyhetero 
cyclics: polyimides, polyoxazoles, polybenzoxazoles, poly 
thiazoles, polypyrazoles, polytriazoles, and polythiophenes. 
In general, these materials have an affinity for metals. The 
Second polymer may be Selected from the group consisting 
of poly(Vinyl pyridines), poly(Vinyl pyrrolidones), poly(Vi 
nyl imidazoles) poly(Stryenes), poly(esters), poly(methacry 
lates), poly(acrylates) and poly(glycols), polycarbonates, 
polyvinylacetates polyalkyls, polyamides, polynitriles, poly 
ureas, polyurethanes, polyethers, poly Sulfones, polythioet 
hers, polyoxazoles, polyimides, polyheterocyclics, polysili 
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cones, and polysilanes. AS noted above, in general, these 
materials have an affinity for dielectrics. 
0014. The masking material may include a first polymer 
and a Second polymer which are miscible. One of the 
polymers may be preferentially assembled to portions of the 
pattern due to a Surface induced phase Separation. 
0015 The masking material may be comprised of a block 
copolymer in which blocks are covalently linked. When the 
pattern is comprised of a first Set of regions of the Substrate 
having a first atomic composition and a Second Set of regions 
of the Substrate having a Second atomic composition differ 
ent from the first composition, a first polymer of the block 
is attracted to the first regions and a Second polymer of the 
block is attracted to the Second regions. For the Specific case 
of a block copolymer, a terraced topography may be formed 
which corresponds to the first regions and the Second 
regions, the coating being thicker above the Second regions. 
The method may further comprise removing a thickness of 
the masking material Sufficient to expose the first regions. 
The removing may be accomplished using a dry etch pro 
cess. A first copolymer of the block may be selected from the 
group consisting of poly(Vinyl pyridines), poly(Vinyl pyr 
rolidones), poly(Vinyl imidazoles) and poly(Stryenes). A 
Second copolymer may be Selected from the group consist 
ing of poly(styrenes), poly(methacrylates), poly(acrylates) 
and poly(glycols). 
0016. When the pattern is comprised of a first set of 
regions of the Substrate having a first atomic composition 
and a Second set of regions of the Substrate having a Second 
atomic composition different from the first composition, the 
masking material may have properties Such that it dewets 
from the regions of first atomic composition and wets the 
regions of Second atomic composition. The first regions may 
include a metal and the Second regions may include a 
dielectric. 

0017. The masking material may be functionalized with 
a group that forms a strong physical attraction to Substrate 
Surface regions having the Second atomic composition. The 
functionalized groups may be Selected from hydroxyS, 
esters, ethers, aldehydes, ketones, carbonates, acids, phe 
nols, amines, amides, imides, thioesters, thioethers, ureas, 
urethanes, nitriles, isocyanates, thiols, Sulfones, halides, 
phosphines, phosphine oxides, phosphonimides, nitros, and 
ZOS. 

0018. The masking material is applied to the substrate by 
any method known in the art, including but not limited to: 
Spin-coating, dip coating, Spray coating, Scan coating and 
using a doctor blade. 
0019 Regions of the substrate may be comprised of 
copper and may be patterned electrical interconnects. The 
Substrate may be a Silicon wafer containing microelectronic 
devices, a ceramic chip carrier, an organic chip carrier, a 
glass Substrate, a gallium arsenide, Silicon carbide or other 
Semiconductor wafer, a circuit board, or a plastic Substrate 
The method may further comprise chemically treating 
regions of the Substrate prior to applying the coating. The 
chemically treating may be comprised of at least one of 
plasma treatment, application of an oxidizing or reducing 
Solution, annealing in an oxidizing or reducing atmosphere 
and application of a material that renderS Surface portions of 
the Substrate, to which it is applied, hydrophobic or hydro 
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philic. The chemical treatment may change the wetting 
characteristics of the regions of the Substrate. The chemi 
cally treating may comprise applying a Surface modifying 
Substance such as one of SiLR, where L is selected from 
the group consisting of hydroxy, methoxy, ethoxy, acetoxy, 
alkoxy, carboxy, amines, halogens, R is Selected from the 
group consisting of hydrido, methyl, ethyl, Vinyl, phenyl 
(any alkyl or aryl). These materials may include: hexameth 
yldisilaZane, Vinyltriacetoxysilane, aminopropyltrimethoX 
ySilane, trimethychlorosilane, trimethylacetoxysilane, and 
other various Silane coupling agents. The chemically treat 
ing may comprise applying a Surface modifying Substance 
having various functionalities that can involve acid/base 
interactions or hydrogen bonding. 
0020. The method may further comprise a step of chemi 
cally treating regions of the Substrate prior to the coating 
with materials that have an affinity to metals. These mate 
rials include molecules having functional groups comprising 
hydroxys, esters, ethers, aldehydes, ketones, carbonates, 
acids, phenols, amines, amides, imides, thioesters, thioet 
hers, ureas, urethanes, nitriles, isocyanates, thiols, Sulfones, 
halides, phosphines, phosphine oxides, phosphonimides, 
nitros, azos, thioesters, and thioethers. They can be hetero 
cyclics, including benzotriazoles, pyridines, imidazoles, 
imides, oxazoles, benzoxazoles, thiazoles, pyrazoles, triaz 
oles, thiophenes, oxadiazoles, thiazines, thiazoles, quion 
Oxalines, benzimidazoles, OXindoles, and indolines. 
0021. The method may further comprise a step of anneal 
ing the Substrate after applying the coating. 
0022. The invention is also directed to a structure com 
prising a Self aligned pattern on an existing pattern on a 
Substrate, the Self aligned pattern including a masking mate 
rial having an affinity for portions of the existing pattern, So 
that the masking material preferentially assembled to the 
portions of the existing pattern. The pattern may be com 
prised of a first Set of regions of the Substrate having a first 
atomic composition and a Second Set of regions of the 
Substrate having a Second atomic composition different from 
the first composition. The first Set of regions may include 
one or more metal elements and the Second Set of regions 
may include a dielectric. The Self-aligned pattern may be 
disposed upon the Second set of regions, or only upon the 
Second Set of regions. The Self-aligned pattern is generally 
not disposed upon the first Set of regions. 
0023 The structure may be comprised of at least one 
conductive feature, formed on the Substrate, with the Sub 
Strate further comprising at least one insulating layer Sur 
rounding the conductive feature. The insulating layer may 
Surround the at least one conductive feature at its bottom and 
lateral Surfaces. The Structure may further comprise at least 
one conductive barrier layer disposed at, at least one inter 
face between the insulating layer and the at least one 
conductive feature. The combination of the at least one 
conductive feature and the insulating layers, may be 
repeated to form a multilevel interconnect Stack. 
0024. The structure may be one of a silicon wafer con 
taining microelectronic devices, a ceramic chip carrier, an 
organic chip carrier, a glass Substrate, a gallium arsenide, 
Silicon carbide or other Semiconductor wafer, a circuit board, 
or a plastic Substrate. 
0.025. Other and further objects, advantages and features 
of the present invention will be understood by reference to 
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the following Specification in conjunction with the annexed 
drawings, wherein like parts have been given like numbers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0026 FIG. 1 is a general flow chart for the process of 
generating a Self aligned mask in accordance with the 
invention. 

0027 FIGS. 2a, 2b and 2c illustrate first, second and 
third methods for generating Self aligned masks in accor 
dance with the invention, using a mixture of polymers. 
0028 FIG. 3 illustrates a fourth method for generating a 
Self aligned mask in accordance with the invention, by block 
copolymer terracing. 

0029 FIG. 4 illustrates a fifth method for generating a 
Self aligned mask in accordance with the invention, by 
Selective wetting. 
0030 FIG. 5 illustrates a sixth method for generating a 
Self aligned mask in accordance with the invention, by 
preferential adsorption. 

0031 FIG. 6 is a cross sectional view of a semiconductor 
device in accordance with the invention. 

0032 FIG. 7 is a cross sectional view of another semi 
conductor device in accordance with the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0033. In accordance with the invention, a patterned sub 
Strate containing Structures having two or more distinct 
components is processed by a route whereby layers can be 
applied to Selected component Surfaces. This layer can be 
generated by a number of Self-assembly approaches 
described below and can be used as a mask layer for 
Subsequent treatment or material deposition onto the 
intended component Surfaces. These structures can be sac 
rificial and, in general, do not remain in the final Structure. 
The use of the masks for the generation of self assembled 
barrier layers can proceed by a number of routes including: 
blanket deposition followed by lift-off, blanket deposition 
followed by chemical mechanical polishing (CMP), and 
enhancement of Selective electrochemical and electroleSS 
metal deposition processes. It will be clear to one skilled in 
the art that the application of a Self-aligned layer by any of 
the approaches described below can be used as a process to 
generate a Selective mask. 
0034. The general approach is simple and is schemati 
cally demonstrated in FIG. 1. First, at step 1, a solution 
containing the Self-aligning System having one or more 
components is generated. Next, at Step 2, a coating is 
generated from this Solution. The coating process in which 
the each of the methods described below can be performed 
by any number of means including: Spin coating, dip coat 
ing, Scan coating, Spray coating, using a doctor blade, etc. 
Optionally, the Surface characteristics of one or more of the 
exposed Surfaces can be chemically modified, at 3, prior to 
application of the Self aligning mask layer to facilitate each 
of the methods described below. Furthermore, thermal 
annealing 4 and dry etch StepS 5 may be included to define 
the final Self aligned mask layer. At Step 6, Selected com 
ponents may be removed from the Substrate by various 
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techniques including rinsing, ultraSonication, dissolution, 
thermolysis, chemical reaction, irradiation, and decomposi 
tion. 

0035. The optional chemical modification steps applica 
tion of the Self-aligned mask layer, described above in Step 
3 of FIG. 1, can be performed with any combination of 
modification Schemes including: plasma treatment, applica 
tion of an oxidizing or reducing Solution, annealing in a 
reducing or oxidizing atmosphere, and application of a 
material that renderS Surface portions of the Substrate, to 
which it is applied, to be hydrophobic or hydrophilic. 
Specific chemical treatments directed to the dielectric Sur 
face 10 may include applying an organosilane comprised of 
SiLR, where L is selected from the group consisting of 
hydroxy, methoxy, ethoxy, acetoxy, alkoxy, carboxy, amines, 
halogens, R is Selected from the group consisting of hydrido, 
methyl, ethyl, vinyl, and phenyl (any alkyl or aryl). Specific 
chemical treatments directed to the metal Surface 20 may 
include applying molecules that have preferential interac 
tions with the metal Surface including molecules having the 
following functional groups: hydroxys, esters, ethers, alde 
hydes, ketones, carbonates, acids, phenols, amines, amides, 
imides, thioesters, thioethers, ureas, urethanes, nitriles, iso 
cyanates, thiols, Sulfones, halides, phosphines, phosphine 
oxides, phosphonimides, nitros, azos, thioesters, thioethers, 
benzotriazole, pyridines, imidazoles, imides, oxazoles, ben 
ZOxazoles, thiazoles, pyrazoles, triazoles, thiophenes, oxa 
diazoles, thiazines, thiazoles, quionoxalines, benzimida 
Zoles, OXindoles, indolines, nitrogenous compounds, and 
phosphoric acids. 

0036) Referring to FIGS. 2a, 2b and 2c, the preferred 
embodiment of the patterned Substrate is an interconnect 
Structure having metal Surfaces or regions 20 and dielectric 
Surfaces or regions 10. 

0037 Referring to FIG. 2a, a first method, in accordance 
with the invention, for pattern Self-replication uses patterned 
matched phase Separation of a binary material System. An 
optional chemical modification of either the dielectric Sur 
face 10 or metal surface 20, as described previously, can be 
first performed. A binary System, having polymeric compo 
nents A and B, is applied uniformly to the patterned Substrate 
from Solvent, e.g., by Spin or dip coating. Phase Separation 
into discrete A and B rich domains (200 and 100, respec 
tively), can occur either during casting or with thermal 
annealing. Selective alignment of the domains or the mor 
phology occurs, as the A rich domains 200 Segregate to 
metal surfaces 20 and B rich domains 100 segregate to the 
dielectric Surfaces 10. Selective removal of the A rich 
domains 200 leads to a structure having the metal surfaces 
20 and B rich domains 100 on the dielectric Surfaces 10. This 
Structure can then be used as a mask layer for Selective 
deposition by the aforementioned processes to the metal 
Surfaces 20. 

0.038 For the first method, polymer A can be selected 
such that there is a high affinity to the metal surfaces 20 and 
no or unfavorable interfacial interactions exist at the dielec 
tric surface 10. Polymer A may be an amorphous polymeric 
System having any chain architecture (including linear, 
branched, dendrimeric) and can contain one or more mono 
meric units. They can be comprised of, but not limited, to the 
following Systems: poly(Vinyl pyridines), poly(Vinyl pyr 
rolidones), poly(Vinyl imidazoles), poly(styrenes), poly(es 
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ters), polyphosphaZenes, polythiophenes, polyimines, poly 
heterocyclics: polyimides, polyoxazoles, polybenzoxazoles, 
polythiazoles, polypyazole, polytriazole and poly 
thiophenes. Polymer B also may be amorphous and can be 
Selected having the opposite attributes: high affinity to 
dielectric Surfaces 10 and no or unfavorable interfacial 
interactions with metal Surface 20, and can be comprised of 
but not limited to the following systems: poly(vinyl 
pyridines), poly(Vinyl pyrrolidones), poly(Vinyl imidazoles) 
poly(Stryenes), poly(esters), poly(methacrylates), poly(acry 
lates) and poly(glycols), polycarbonates, polyvinylacetates 
polyalkyls, polyamides, polynitriles, polyureas, polyure 
thanes, polyethers, polysulfones, polythioethers, polyOX 
aZoles, polyimides, polyheterocyclics, polysilicones and 
polysilanes. However, polymer A and Polymer B must be 
compositionally different. 
0039) Referring to FIG. 2b, it should be noted that this 
approach is not limited to Systems where only A and B rich 
domains (200 and 100) are located above the metal and 
dielectric Surfaces (20 and 10) throughout the entire coating 
thickness. A Second method, in accordance with the inven 
tion, for pattern Self-replications allows for coatings with 
greater morphological complexity, Such as but not limited to 
bilayers, multilayers, and dispersed Structures. Such more 
complex coatings may still be utilized as Self aligned mask 
layers if Selective alignment at the patterned Substrate inter 
face occurs. An example of Such an approach is demon 
strated in FIG.2b wherein a bilayer structure is located atop 
the dielectric Surfaces 10 and a morphology comprised of B 
rich domains 100A is dispersed in a continuous matrix 
comprised of the A rich domains 200. Selective removal of 
the material 200 containing the B rich domains 100A leads 
to a Self-aligned mask. 
0040. The preferred materials for the second method are 
essentially the same as those of the first method. 
0041 Referring to FIG.2c, a third method, in accordance 
with the invention, for pattern Self-replication uses A-B 
Systems that normally do not phase Separate. In Such a case, 
the selective accumulation of A or B onto the intended 
Surfaces will be based on a Surface induced phase Separation 
mechanism. For example, the A-B System can be Selected 
such that A and B form a miscible A-B phase 150. However, 
the presence of the dielectric Surface 10 induces an enrich 
ment of a B rich domain at the dielectric Surface 10. 
Selective removal of the miscible A-B phase 150 can then be 
performed, leaving a structure that can be utilized as a 
Self-aligned mask. 

0042. The preferred materials for the third method are 
essentially the same as those of the first method. 
0043 Referring to FIG. 3, a fourth method, in accor 
dance with the invention, uses block copolymer terrace 
formation to replicate a preexisting pattern. An optional 
chemical modification of either the dielectric Surface 10 or 
metal Surface 20, as described previously, can be first 
performed. A block copolymer comprised of A and B blocks 
is applied uniformly to the substrate surface. The two blocks 
have varying affinities to the two Surfaces, resulting in a 
segregation of the Ablock to the metal surface 20 and the B 
block to the dielectric surface 10. Ordering and alignment by 
the block copolymer domains produces a coating having a 
topography that is a replication of the underlying Surface 
chemical heterogeneity 300. The film thickness is selected 
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Such that upon ordering, thicker regions of the film are 
generated on the dielectric Surface 10. A controlled etch can 
then be applied to expose the metal Surfaces leaving Some of 
the A-B material located upon the dielectric Surface. The 
resultant film Structure can then be used as a mask for 
deposition of barrier layers onto the metal Surfaces 20. 
0044) For this fourth method, the block copolymer com 
prises amorphous polymeric blocks that microphase Sepa 
rate into discrete morpholgies (lamellae, cylinders, spheres, 
etc.). The A block can be selected Such that there is a high 
affinity to the metal Surfaces 20 and no or unfavorable 
interfacial interactions exist at the dielectric Surface 10 and 
can be comprised of but not limited to the following Sys 
tems: poly(Vinyl pyridines), poly(Vinyl pyrrolidones), poly 
(vinyl imidazoles) poly(stryenes). The B block can be 
Selected having the opposite attributes, high affinity to 
dielectric Surfaces 10 and no or unfavorable interfacial 
interactions with metal Surface 20, and can be comprised of 
but not limited to the following Systems: poly(styrenes), 
poly(methacrylates), poly(acrylates) and poly(glycols), etc. 
0.045 Referring to FIG. 4, a fifth method, in accordance 
with the invention, uses a Selective dewetting process to 
replicate a preexisting pattern. An optional chemical modi 
fication of either the dielectric Surface 10 or metal Surface 
20, as described previously, can be first performed. The 
masking material 400 is then applied to the patterned 
Substrate. Either during casting or with thermal annealing, 
the masking material 400 selectively dewets from the metal 
Surfaces 20 due to unfavorable physical interactions. 
0.046 For the fifth method, the masking material is an 
amorphous polymeric material having any chain architec 
ture (including linear, branched, dendrimeric) and can con 
tain one or more monomeric units. The masking material can 
be comprised of but not limited to the following systems: 
poly(Vinyl pyridines), poly(Vinyl pyrrolidones), poly(Vinyl 
imidazoles) poly(stryenes), poly(esters), poly(methacry 
lates), poly(acrylates) and poly(glycols), polycarbonates, 
polyvinylacetates polyalkyls, polyamides, polynitriles, poly 
ureas, polyurethanes, polyethers, poly Sulfones, polythioet 
hers, polyoxazoles, polyimides, polyheterocyclics, polysili 
cones, and polysilanes, etc. 
0047 Referring to FIG. 5, a sixth method, in accordance 
with the invention, for pattern Self-replication uses a mask 
ing material 500, having one or more functional groups, that 
selectively adsorbs to the dielectric surface 10. An optional 
chemical modification of either the dielectric Surface 10 or 
metal Surface 20, as described previously, can be first 
performed. The material is Spin coated or applied by any 
Suitable coating method to the pre-patterned Substrate. 
Selective removal of the masking material 500 (for example, 
by rinsing with a Solvent) is then performed to remove the 
masking material 500 from the metal surface 20 where the 
physical adsorption does not occur. The displacement of the 
material in these regions effectively results in a Self-aligned 
mask layer located solely on the dielectric Surface 10. 
0.048 For this sixth method, the masking material is an 
amorphous polymeric material having any chain architec 
ture (including linear, branched, crosslinked dendrimeric) 
and can contain one or more monomeric units. The masking 
material contains one or more functional groups (denoted by 
A in FIG. 5) that are covalently bound to the polymer. The 
one or more functional groups can be located in the poly 
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meric material in any arrangement Such that the polymer can 
be considered an end-functionalized polymer, random 
copolymer, block copolymer, etc. These functional groups 
can include but are not limited to: hydroxys, esters, ethers, 
thiols, aldehydes, ketones, carbonates, acids, phenols, 
amines, amides, imides, thioesters, thioethers, ureas, ure 
thanes, nitriles, isocyanates, thiols, Sulfones, halides, phos 
phines, phosphine oxides, phosphonimides, nitros, azos, 
0049. Use of the Above Methods in Fabricating IC Chips, 
Chip Carriers and Circuit Boards 
0050. Several derived structures can be fabricated using 
the Selective masking methods described above. For pur 
poses of the examples Set forth below, the pre-existence of 
a Substrate containing a pattern, the pattern being comprised 
of a first Set of areas of the Substrate Surface having a first 
atomic composition including one or more metal elements 
and having a Second set of areas of the Substrate Surface 
being a dielectric and having a Second atomic composition 
different from the first composition, is presumed. Selective 
coverage of the dielectric Surface is achieved first by one of 
the methods described above. The first set of regions which 
comprises one or metal elements is exposed and is then 
Subjected to processing StepS Such as electroless deposition 
alone or electoleSS deposition of metal, metal or dielectric 
deposition by Sputtering, evaporation, CVD, plasma 
enhanced CVD and the like, followed by an optional pla 
narization Step to form added layers, generally only on the 
first Set of regions. 
0051. The resulting structure is a microelectronic inter 
connect Structure comprised of at least one conductive 
feature with a Selective cap on its top Surface, formed on a 
Substrate, with the Substrate further comprising at least one 
insulating layer Surrounding the conductive feature at its 
bottom and lateral Surfaces and one or more optional con 
ductive barrier layerS disposed at one or more of the inter 
faces between the insulator and the conductive feature. 

0052 Examples of this structural embodiment include 
but are not limited to: electrically conductive interconnect 
wiring which is capped and embedded in a device chip 
interconnect Stack containing insulators, conducting and 
insulating barrier layerS and the like, interconnect wiring of 
metals disposed on a ceramic chip carrier package, and 
interconnect wiring disposed on and within an organic chip 
or device carrier Such as a printed circuit board; and thin film 
wiring arrays on a glass or polymeric Substrate used in the 
fabrication of information displays and related hand held 
devices. 

0053) Referring to FIG. 6, an interconnect structure 30 
having an interlayer dielectric 31, metal wiring 32, liner 
barrier layer 34, and cap barrier layer 36 is illustrated. The 
interconnect structure has multiple levels 1000 comprised of 
via 1100 and line 1200 levels. The preferred materials for the 
interlayer dielectric 31 have low dielectric constants (k-3) 
and include: carbon-doped Silicon dioxide (also known as 
silicon oxycarbide or SiCOH dielectrics); fluorine-doped 
Silicon oxide (also known as fluorosilicate glass, or FSG), 
spin-on glasses; SilseSquioxanes, including hydrogen Silses 
quioxane (HSSQ), methylsilsesquioxane (MSSQ)and mix 
tures or copolymers of HSSQ and MSSQ; and any silicon 
containing low-k dielectric. AS would be known in the art, 
this interlayer dielectric may contain pores to further reduce 
the dielectric constant, and other dielectricS may be used. 
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0054) Referring to FIG. 7, an interconnect structure 40 
having an interlayer dielectric 31, dielectric hardmask 41, 
metal wiring 32, liner barrier layer 34, and cap barrier layer 
36 is illustrated. The interconnect structure has multiple 
levels 1000 comprised of via 1100 and line 1200 levels. The 
preferred materials for the interlayer dielectric 31 have low 
dielectric constants (k-3), may be an organic polymer 
thermoset, and may be selected from the group SiLKTM, (a 
product of Dow Chemical Co.), Flare TM (a product of 
Honeywell), and other polyarylene ethers. As would be 
known in the art, this organic polymer dielectric may contain 
pores to further reduce the dielectric constant, and other 
organic polymer thermoset dielectrics may be used. The 
preferred materials for the dielectric hardmask 41 include: 
Silicon carbides, carbon-doped silicon dioxide (also known 
as silicon oxycarbide or SiCOH dielectrics); fluorine-doped 
Silicon oxide (also known as fluorosilicate glass, or FSG), 
Spin-on glasses; Silsesquioxanes. 

0.055 Applications of the inventive methods to form 
Selective cap barrier layerS 36 on patterned metal intercon 
nects are now described in reference to the Structures shown 
in FIGS. 6 and 7 which may be produced using any of the 
methods described herein. The Structures may be generated 
through a Series of Steps known in the art involving photo 
lithography; dielectric deposition by Spin coating or chemi 
cal vapor deposition; metal deposition by electroplating, 
electoleSS plating, thermal evaporation, Sputtering, pla 
narization by chemical mechanical polishing, wet and dry 
etch processes Such as reactive ion etching; thermal anneals; 
wet and dry cleans, etc. The example given includes Specific 
details, but it is evident that numerous alternatives, modifi 
cations and variations will be apparent to those skilled in the 
art in light of the methods descriptions given above. Various 
materials may form the Selective cap (Such as Silicon nitride, 
or various refractory metals and compounds of Said metals). 
Further, this invention is not limited to constructions of any 
particular shape or composition. 

0056. The application of the methods described herein 
would be utilized after chemical mechanical polishing Steps 
that result in a patterned top surface as shown in FIGS. 2-5. 
A preferred route to produce a Self aligned mask may be to 
apply a polymer mixture of polystyrene (PS) and polymeth 
ylmethacrylate (PMMA) onto the patterned substrate by spin 
coating from a toluene Solution and Subsequently to remove 
the polystyrene Selectively by dissolution in cyclohexane to 
expose the metal lines resulting in a structure whereby the 
remaining polymethylmethacrylate domains generates a 
topography which is used as the Self aligned mask. 

0057. In the next step, the PMMA is used as the self 
aligned mask. A bilayer of tantalum nitride (TaN) and 
tantalum is then deposited by Sputtering in a Sputter depo 
Sition tool (known in the art) on the patterned Substrate 
containing the self aligned mask. The TaN/Ta bilayer con 
tacts the metal regions and conformally coats the PMMA. 
The wafer is then placed in a chemical mechanical polishing 
(CMP) tool and the bilayer is removed from the PMMA, and 
is left intact on the metal regions. Subsequent, removal of 
the polymethylmethacrylate by dissolution in toluene pro 
duces the cap barrier layer 36 comprised of TaN and Ta only 
on the metal regions. 

0.058 While we have shown and described several 
embodiments in accordance with our invention, it is to be 
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clearly understood that the same are Susceptible to numerous 
changes apparent to one skilled in the art. Therefore, we do 
not wish to be limited to the details shown and described but 
intend to show all changes and modifications that come 
within the Scope of the appended claims. 

1-49. (canceled) 
50. A composition for Selectively coating a pattern on a 

Substrate, Said composition comprising: 
a carrier material for application to Said Substrate; 
a first polymer having an affinity for regions of Said 

Substrate having first chemical characteristics, and 
a Second polymer having an affinity for regions of Said 

Substrate having Second chemical characteristics dif 
ferent from Said first characteristics. 

51. The composition of claim 50, wherein the first poly 
mer is selected from the group consisting of poly(Vinyl 
pyridines), poly(Vinyl pyrrolidones), poly(Vinylimidazoles), 
poly(styrenes), poly(esters), polyphosphaZenes, poly 
thiophenes, polyimines, polyheterocyclics, polyimides, 
polyoxazoles, polybenzoxazoles, polythiazoles, polypya 
Zole, polytriazole and polythiophene. 

52. The composition of claim 50, wherein the second 
polymer is Selected from the group consisting of: poly(Vinyl 
pyridines), poly(Vinyl pyrrolidones), poly(Vinyl imidazoles) 
poly(Stryenes), poly(esters), poly(methacrylates), poly(acry 
lates), poly(glycols), polycarbonates, polyvinylacetates, 
polyalkyls, polyamides, polynitriles, polyureas, polyure 
thanes, polyethers, polysulfones, polythioethers, polyOX 
aZoles, polyimides, polyheterocyclics, polysilicones and 
polysilanes. 

53. The composition of claim 50, wherein the second 
polymer contains functional groups Selected from the groups 
consisting of hydroxyS, esters, ethers, aldehydes, ketones, 
carbonates, acids, phenols, amines, amides, imides, 
thioesters, thioethers, ureas, urethanes, nitriles, isocyanates, 
thiols, Sulfones, halides, phosphines, phosphine oxides, 
phosphonimides, nitroS and azos. 

54. The composition of claim 50, wherein the first poly 
mer and the Second polymer are miscible. 

55. The composition of claim 50, wherein the first poly 
mer and the Second polymer comprise a block copolymer in 
which the blocks are covalently linked. 

56. The composition of claim 55, wherein a first copoly 
mer of the block is Selected from the group consisting of: 
poly(Vinyl pyridines), poly(Vinyl pyrrolidones), poly(Vinyl 
imidazoles) and poly(Stryenes). 

57. The composition of claim 55, wherein a second 
copolymer of the block is Selected from the group consisting 
of poly(styrenes), poly(methacrylates), poly(acrylates) and 
poly(glycols). 

58. The composition of claim 50, further comprising in 
combination, a Surface modifying material for application to 
Said Substrate prior to Said composition, Said Surface modi 
fying material being Selected from the group consisting of 
SiLR, where L is selected from the group consisting of 
hydroxy, methoxy, ethoxy, acetoxy, alkoxy, carboxy, amines, 
halogens, and R is Selected from the group consisting of 
hydrido, methyl, ethyl, vinyl, and phenyl (any alkyl or aryl). 

59. The composition of claim 50, further comprising in 
combination, a Surface modifying material for application to 
Said Substrate prior to Said composition, Said Surface modi 
fying material being Selected from the group consisting of: 
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hexamethyldisilaZane, Vinyltriacetoxysilane, aminopropylt 
rimethoxysilane, trimethychlorosilane, and trimethylacetox 
ySilane. 

60. The composition of claim 50, further comprising in 
combination, a Surface modifying material for application to 
Said Substrate prior to Said composition, Said Surface modi 
fying material being Selected from the group consisting of 
hydroxys, esters, ethers, aldehydes, ketones, carbonates, 
acids, phenols, amines, amides, imides, thioesters, thioet 
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hers, ureas, urethanes, nitriles, isocyanates, thiols, Sulfones, 
halides, phosphines, phosphine oxides, phosphonimides, 
nitros, azOS, thioesters, thioethers, benzotriazoles, pyridines, 
imidazoles, imides, oxazoles, benzoxazoles, thiazoles, pyra 
Zoles, triazoles, thiophenes, oxadiazoles, thiazines, thiaz 
oles, quionoxalines, benzimidazoles, OXindoles, and indo 
lines. 


