
DESCRIPTION 

SEALING COMPOSITION FOR SEMICONDUCTOR, SEMICONDUCTOR DEVICE 

AND METHOD OF PRODUCING THE SAME, AND POLYMER AND METHOD OF 

PRODUCING THE SAME 

TECHNICAL, FIELD 

[0001] The present invention relates to a sealing composition for a semiconductor, a 

semiconductor device and a method of producing the semiconductor device, and a polymer 

and a method of producing the polymer. 

BACKGROUND ART 

10002] In the semiconductor device Held in which scaling is advanced, various kinds of 

low dielectric constant materials (hereinafter, referred to as "low-k materials" in some 

cases) having a porous structure have been investigated as an interiayer dielectric layer of 

semiconductor. 

If the porosity of the semiconductor interiayer dielectric layer having a porous 

structure is increased in order to further lower the dielectric constant thereof, metal 

components such as copper, which is embedded as a wiring material, or plasma components 

(at least one of radical or ion, the same shall apply hereinafter) caused by plasma treatment 

are prone to enter into the pores in the semiconductor interiayer dielectric layer, and thus the 

dielectric constant thereof increases or leakage current occurs in some cases. 

In addition, metal components or plasma components diffuse even into a 

non-porous interiayer dielectric layer in some cases, and thus dielectric constant increases 

or leakage current occurs in the same manner as in a porous interiayer dielectric layer in 

some eases. 

[0003] Meanwhile, a technique is known in which pores on the side wa! 1 surface of a 

groove formed by etching is sealed using a surfactant in a micelle stale in wet cleaning after 

etching in a production method of semiconductor device using a porous low dielectric 

constant material (for example, see Japanese National-Phase Publication (JP-A) No. 

2009-503879). 

In addition, a technique is known in which the hydrophilicity and hydrophobicity 

of a low-k material is controlled by applying a polyvinyl alcohoi-based amphiphilic 

polymer on the surface of the low-k material in a case in which the iow-k material has a 

hydrophobic surface (for example, see Internationa! Publication No. WO 09/0121 84). 



Moreover, a composition for semiconductor polishing containing a cationic 

polymer and a surfactant is known (for example, see Japanese Patent Application 

Laid-Open (JP-A) No. 2006-352042). 

DISCLOSURE OF INVENTION 

TECHNICAL PROBLEM 

[0004] In the technique disclosed in JP-A No. 2009-503879 above, there is a case in which 

a surfactant having no micelle structure enters into a pore in the side wall surface of a 

groove, and thus the relative dielectric constant increases. In addition, there is a case in 

which adhesion between the interiayer dielectric layer and the wiring material is 

deteriorated by a micelle. 

In addition, in the technique disclosed in WO 09/012184 above, a bulky layer is 

prone to be formed by hydrogen bonding between the polyvinyl alcohol-based amphiphilic 

polymers, and by virtue of this, the relative dielectric constant of the interiayer dielectric 

layer increases in some cases or the adhesion between the interiayer dielectric layer and the 

wiring material deteriorates in some case. 

[0005] In addition, a sealing composition for a semiconductor exhibiting a superior sealing 

properly with respect to an interiayer dielectric layer is desired in some cases. 

Accordingly, an object of the invention is to provide a scaling composition for a 

semiconductor excellent in a sealing properly with respect to an interiayer dielectric layer, a 

semiconductor device in which the sealing composition for a semiconductor is used and a 

method of producing the semiconductor device, and a polymer suitable for the sealing 

composition for a semiconductor and a method of producing the polymer. 

SOLUTION TO PROBLEM 

[0006] The inventors have conducted intensive investigations, and as a result thereof, have 

found out that a sealing property with respect to an interiayer dielectric layer is significantly 

improved by adjusting the branching degree in a specific polymer to a certain value or 

higher, thereby completing the invention. 

In other words, the concrete means for solving the problems is as follows. 

[0007] < 1> A sealing composition for a semiconductor, comprising a polymer that 

includes two or more cationic functional groups including at least one of a tertiary nitrogen 

atom or a quaternary nitrogen atom, that has a weight average molecular weight of from 

2,000 to 1,000,000, and that has a branching degree of 48% or more, wherein a content of 

sodium and a content of potassium in the sealing composition are each 10 ppb by weight or 



less on an element basis. 

<2> The sealing composition lor a semiconductor according to <I>, wherein the 

polymer includes a structural unit thai is derived from an alkyleneimine having from 2 to 8 

carbon atoms and that includes a tertiary nitrogen atom as a cationic functional group. 

<3> The sealing composition for a semiconductor according to <2>, wherein the 

polymer further includes a structural unit thai is derived from an alkyleneimine having from 

2 to 8 carbon atoms and that includes a secondary nitrogen atom as a cationic functional 

group. 

[0008] <4> The composition for sealing a semiconductor according to any one of <1> 

to <3>, wherein the polymer includes primary nitrogen atoms, and a proportion of the 

primary nitrogen atoms to all the nitrogen atoms in the polymer is 33% by mole or more. 

<5> The sealing composition for a semiconductor according to any one of <1> to -*"4>, 

wherein the branching degree of the polymer is 55% or more. 

<6> The sealing composition for a semiconductor according to any one of < 1 > to <5>, 

wherein the sealing composition has an average particle diameter measured by a dynamic-

light scattering method of 150 nm or less. 

<7> The sealing composition for a semiconductor according to any one of <1 to <6>, 

wherein the polymer is a polyethyleneimine or a derivative of a polyethvleneimme. 

<8> The sealing composition for a semiconductor according to any one of < 1 > to <7>, 

wherein the polymer has a cationic functional group equivalent of from 27 to 430. 

10009] <9> A method of producing a semiconductor device, comprising a sealing 

composition application process of applying the sealing composition for a semiconductor 

according to any one of < 1 > to <8> to an interiayer dielectric layer formed on a substrate. 

<10> The method of producing a semiconductor device according to <9>, wherein the 

interiayer dielectric layer includes a porous silica and has a silanol residue derived from the 

porous silica on a surface thereof. 

<11> The method of producing a semiconductor device according to <9> or < I0>, the 

method further comprising a process of forming a concave groove having a width of from 

10 nm to 32 nm in the interiayer dielectric layer, wherein the sealing composition 

application process includes bringing the sealing composition for a semiconductor into 

contact with the interiayer dielcclric layer at at least a side surface of the concave groove. 

< 12> A semiconductor device comprising a structure in which: 

an interiayer dielectric layer; 

a polymer layer containing a polymer that includes two or more cationic functional 

groups including at least one of a tertiary nitrogen atom or a quaternary nitrogen atom, that 



has a weight average molecular weight of from 2,000 to 1.000.000, and thai has a branching 

degree of 48% or more; and 

a layer including copper 

are disposed in this order. 

In the semiconductor device according to <I2>, it is preferable that a copper barrier 

layer is further disposed between the polymer layer and the layer including copper. In 

addition, in the semiconductor device according to <12>, the interiayer dielectric layer is 

preferably a porous interiayer dielectric layer (that is, an interiayer dielectric layer having a 

porous structure). 

[0010] <13> A polymer that comprises two or more cationic functional groups 

including at least one of a tertiary nitrogen atom or a quaternary nitrogen atom, that has a 

weight average molecular weight of from 2,000 to 1,000,000, and that has a brandling 

degree of 48% or more. 

<14> The polymer according to <13>. wherein the polymer is a polyethyleneimine or a 

derivative of a polyethyleneimine. 

<{ 5> A method of producing the polymer according to <1 3> or <14>, the method 

comprising a process of reacting a raw material polymer containing a secondary nitrogen 

atom with a compound represented by the following Formula (m-1): 

n 
[0012] wherein, in Formula (m-1), R represents a protective group, and n represents an 

integer from 1 to 4. 

ADVANTAGEOUS EFFECTS OF INVENTION 

[0013] According to the invention, it is possible to provide a sealing composition for a 

semiconductor excellent in a sealing property with respect to an interiayer dielectric layer, a 

semiconductor device in which the sealing composition for a semiconductor is used and a 

method of producing the semiconductor device, and a polymer suitable for the sealing 

composition for a semiconductor and a method of producing the polymer. 

[0014] Fig. 1 is isothermal lines of toluene gas adsorption and desorption in Examples 

and 2 and Comparative Examples 1 to 4. 

[0011 

R 

BRIEF DESCRIPTION OF DRAWINGS 
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Fig. 2 is isothermal lines of toluene gas adsorption and dcsorption in Examples 3 

and 4 and Comparative Example 5. 

Fig. 3 is isothermal lines of toluene gas adsorption and desorption in Example 5 

and Comparative Example 6. 

Fig. 4 is isothermal lines of toluene gas adsorption and desorption in Example 6 

and Comparative Example 5. 

DESCRIPTION OF EMBODIMENTS 

[0015] --Sealing composition for a semiconductor--

The sealing composition for a semiconductor of the invention is used, for example, 

to form a polymer layer covering the surface of an interiayer dielectric layer (preferably, a 

polymer layer covering the pores formed on a porous interiayer dielectric layer), and 

includes a polymer including two or more cationic junctional groups including at least one 

of a tertiary nitrogen atom or a quaternary nitrogen atom, having a weight average 

molecular weight of from 2,000 to 1,000,000, and having a branching degree of 48% or 

more. The content of sodium and the content of potassium in the composition are each 10 

ppb by weight or less on an element basis. 

If the sealing composition lor a semiconductor of the constitution is applied to an 

interiayer dielectric layer, two or more cationic functional groups contained in the polymer 

are multipoint adsorbed on the interiayer dielectric layer. Hence, the surface (pores 

present on the porous interiayer dielectric layer in a case in which the interiayer dielectric 

layer is a porous interiayer dielectric layer) of the interiayer dielectric layer is covered with 

a polymer layer. By virtue of this, the diffusion of a metal component or a plasma 

component into an interiayer dielectric layer (particularly, a porous interiayer dielectric 

layer) can be suppressed (that is, excellent sealing property is exerted with respect to an 

interiayer dielectric layer). Moreover, since a polymer layer formed by the polymer is a 

thin layer (for example, 5 nm or less), adhesion between an interiayer dielectric layer and a 

wiring material formed on an interiayer dielectric layer via a polymer layer is excellent, and 

change in relative dielectric constant can be suppressed. 

[0016] Particularly, in the sealing composition for a semiconductor of the invention, the 

two or more cationic functional groups includes at least one of a tertiary nitrogen atom or a 

quaternary nitrogen atom, and the branching degree of the polymer is 48% or more, and 

thus remarkably excellent sealing property is exhibited with respect to an interiayer 

dielectric layer (particularly, a porous interiayer dielectric layer). In other words, the 

diffusion of a metal component or a plasma component into an interiayer dielectric layer 
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(particularly, a porous interiayer dielcclric layer) can be significantly suppressed. 

The reason for this is not clear, but it is presumed thai if the branching degree of 

the polymer is high, the molecular chains having a branch structure are entangled with one 

another and thus the aperture between the molecular chains becomes small, and therefore, it 

can be efficiently prevented that a metal component or a plasma component passes through 

between the molecular chains. 

10017 J Furthermore, in the sealing composition for a semiconductor of the invention, the 

two or more cationic functional groups contains at least one of a tertiary nitrogen atom or a 

quaternary nitrogen atom, and the branching degree of the polymer is 48% or more. 

Hence, the excellent sealing property of the composition with respect to an interiayer 

dielectric layer is preserved even in a case in which the composition is applied to an 

interiayer dielectric layer and then subjected to a heat treatment (for example, a heat 

treatment at from 200°C to 425°C (preferably from 200°C to 400°C and more preferably 

from 200°C to 350°C)). In other words, according to the sealing composition for a 

semiconductor of the invention, a polymer layer (sealing layer) excellent in heat resistance 

can be formed on an interiayer dielectric layer. 

The reason for this is not clear, but it is presumed that the branching degree of the 

polymer is high, that is, the polymer is bulky, and thus thermal decomposition of the 

polymer and deterioration in sealing property due to the thermal decomposition are 

suppressed. 

[0018] [Polymer] 

The sealing composition for a semiconductor of the invention contains at least one 

kind of polymer (hereinafter, it is also referred to as the "polymer of the invention") 

including two or more cationic functional groups including at least one of a tertiary nitrogen 

atom or a quaternary nitrogen atom, having a weight average molecular weight of from 

2,000 lo 1,000,000, and having a branching degree of 48% or more. 

[0019] In the invention, the term "branching degree" denotes a value obtained by the 

following Equation 1. 

Branching degree (%>) = ((number of tertiary nitrogen atom r number of quaternary 

nitrogen alom)/(number of secondary nitrogen atom t number of tertiary nitrogen atom t 

number of quaternary nitrogen atom)) x 100 ••• Equation 1 

Accordingly, for example, in a case in which the polymer of the invention is a 

polyalkyleneimine. a linear polyalkyleneimine does not include any tertiary nitrogen atom 

or quaternary nitrogen atom, and thus the linear polyalkyleneimine is a polyalkyleneimine 

having a branching degree of 0%, and a polyalkyleneimine in which all the nitrogen atoms 
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contained in the backbone moiety except the terminals are tertiary nitrogen atoms (that is, it 

is maximally branched) is a polyalkyleneimine having a branching degree of 100%. 

[0020] In the invention, the term "primary nitrogen atom" denotes a nitrogen atom bonded 

only to two hydrogen atoms and one atom other than a hydrogen atom (for example, the 

nitrogen atom contained in a primary amino group (-NH2 group)), or a nitrogen atom 

(cation) bonded only to three hydrogen atoms and one atom other than a hydrogen atom. 

In addition, the term "secondary nitrogen atom" denotes a nitrogen atom bonded 

only to one hydrogen atom and two atoms other than a hydrogen atom (for example, the 

nitrogen atom contained in the functional group represented by the following Formula (a)), 

or a nitrogen atom (cation) bonded only to two hydrogen atoms and two atoms other than a 

hydrogen atom. 

In addition, the term "tertiary nitrogen atom" denotes a nitrogen atom bonded only 

to three atoms other than a hydrogen atom (that is, lite nitrogen atom of the functional group 

represented by the following Formula (b)), or a nitrogen atom (cation) bonded only to one 

hydrogen atom and three atoms other than a hydrogen atom. 

In addition, the term "quaternary nitrogen atom" denotes a nitrogen atom (cation) 

bonded only to four atoms oilier than a hydrogen atom. 

In the description above, the "atom other than a hydrogen atom" is not particularly 

limited and may be, for example, a carbon atom, a silicon atom, or the like, and a carbon 

atom is preferable. 

[0021] 

•N * (a) * fg (b) 

* 

[0022] In Formulas (a) and (b), * represents a bonding position with an atom other than a 

hydrogen atom. 

Here, the functional group represented by Formula (a) may be a functionai group 

constituting part of a secondary amino group (~NHRJ group; here, R;1 represents an alky I 

group), or a divalent linking group contained in the backbone of a polymer. 

In addition, the functional group (that is. a tertiary nitrogen atom) represented by 

Formula (b) may be a functional group constituting part of a tertiary amino group (-NRhRL 

group; here. R" and R' each independently represent an alky 1 group), or a trivalent linking 

group contained in the backbone of a polymer. 

[0023] The branching degree of the polymer is required to be 48% or more. From the 

viewpoint of improving ihe sealing property, the branching degree is preferably 55% or 
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more, more preferably 70% or more, and particularly preferably 75%) or more. 

The upper limit of the branching degree of the polymer is not particularly limited, 

and the branching degree is less than 100% in a case in which the polymer contains a 

secondary nitrogen atom. The branching degree of the polymer is preferably 95% or less 

from the viewpoint of easiness of synthesis. 

[0024] The method of ad justing the branching degree to 48%> or more is not particularly 

limited. For example, there is a method in which the branching degree is adjusted by the 

polymerization condition of monomer itself when a polymer is synthesized, or a method in 

which a primary nitrogen atom or a secondary nitrogen atom contained in a polymer is 

reacted with another nitrogen-containing compound or an alkyl compound, and thus a 

tertiary nitrogen atom or a quaternary nitrogen atom is generated from the primary nitrogen 

atom or the secondary nitrogen atom, thereby increasing the branching degree. A concrete 

example of the latter method will be described as a "method of producing a polymer" 

below. 

[0025] In addition, the polymer of the invention preferably includes a structural unit 

including a cationic functionai group (a structural unit derived from a monomer including a 

cationic functional group). In this case, the structure of the polymer may be a structure 

formed by the polymerization of a monomer including a cationic functional group in a 

linear shape, or a structure formed by the polymerization of a monomer including a cationic 

functional group in a branched shape. 

[0026] The "cationic functional group" in the invention is not particularly limited as long 

as it is a functional group capable of being positively charged. 

As the cationic functionai group, a functional group containing a nitrogen atom (a 

primary nitrogen atom, a secondary nitrogen atom, a tertiary nitrogen atom, or a quaternary 

nitrogen atom) is preferable. Here, the "functional group containing a nitrogen atom" may 

also be a functional group constituted by only one nitrogen atom. 

[0027] The polymer of the invention includes two or more cationic functional groups 

including at least one of a tertiary nitrogen atom or a quaternary nitrogen atom. 

In the invention, a polymer including two or more cationic functionai groups 

including at least one of a tertiary nitrogen atom or a quaternary nitrogen atom means a 

polymer including two or more cationic functional groups that include at least one of a 

tertiary nitrogen atom or a quaternary nitrogen atom as a cationic functionai group (that is, a 

polymer including two or more cationic functional groups in which at leas! one of the two 

or more cationic functional groups is at least one of a tertiary nitrogen atom or a quaternary 

nitrogen atom). 
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The polymer of the invention is preferably a polymer including two or more of at 

least one of a tertiary nitrogen atom or a quaternary nitrogen atom (particularly preferably a 

tertiary nitrogen atom) as a cationic junctional group. 

[0028 ] The polymer of the invention may include primary nitrogen atoms or secondary 

nitrogen atoms as a cationic functional group. 

In a case in which the polymer of the invention contains primary nitrogen atoms, 

the proportion of the primary nitrogen atoms to all the nitrogen atoms in the polymer is 

preferably 33% by mole or more. If the polymer of the invention contains primary 

nitrogen atoms (particularly, if the percentage of primary nitrogen atoms is 33%o by mole or 

more), the wettability between the polymer and the interiayer dielectric layer is more 

improved and the uniformity of the thickness of the polymer layer is more improved, and 

thus the sealing property can be more improved. 

In addition, in a case in which the polymer contains primary nitrogen atoms, it is 

preferable that nitrogen atoms other than primary nitrogen atoms, such as secondary 

nitrogen atoms, coexist with the primary nitrogen atoms. By virtue of this, the thickness o! 

the polymer layer is easily adjusted to an appropriate range, and the sealing property can be 

further improved. 

[0029] In addition, the polymer may further include an anionic functional group or a 

nonionic functional group if necessary. 

The nonionic functional group may be a hydrogen bond receptor or a hydrogen 

bond donor. Examples of the nonionic functional group may include a hydroxy! group, a 

carbonyl group, and an ether group (-0-). 

The anionic functional group is not particularly limited as long as it is a functionai 

group capable of being negatively charged. Examples of the anionic functional group may 

include a carboxylic acid group, a sulfonic acid group, and a sulfuric acid group. 

[0030] The polymer is a polymer including two or more cationic functional groups 

including at least one of a tertiary nitrogen atom or a quaternary nitrogen atom in one 

molecule. A polymer having a high cation density is preferable from the viewpoint of 

further improving the sealing property. Specifically, a cationic functional group equivalent 

is preferably from 27 to 430 and more preferably from 43 to 200. 

Moreover, in a case in which the surface of an interiayer dielectric layer is 

hydrophobic treated by a publicly known method, for example, a method described in WO 

04/026765, WO 06/025501, or the like, the cationic functional group equivalent is also 

preferably from 43 to 200 since the polar group density on the surface decreases. 

The cationic functional group equivalent herein means a weight average molecular 
9 



weight per cationic functional group, and is a value (Mw/n) obtained by dividing the weight 

average molecular weight (Mw) of a polymer by the number (n) of a cationic functional 

group contained in the polymer corresponding to one molecule. The density of cationic 

lunctional group is low as this cationic functional group equivalent is large, and the density 

of cationic functional group is high as this cationic functional group equivalent is small. 

[0031] In a case in which the polymer of the invention includes a structural unit 

(hereinafter, it is referred to as a '"specific structural unit" in some cases) including a 

cationic lunctional group, the cationic functional group may be contained as at least part of 

the main chain, as at least part of a side chain, or as at least part of the main chain and at 

least part of a side chain in the specific structural unit. 

Moreover, in a case in which the specific structural unit includes two or more 

cationic lunctional groups, the two or more cationic functional groups may be the same as 

or different from each other. 

In addition, the cationic functional group is contained such that the ratio 

(hereinafter, it is referred to as a "relative distance between cationic functionai groups'" in 

some cases) of the main chain length of the specific structural unit with respect to the 

average distance between the adsorption points (for example, a silanol residue) of the 

cationic functional groups present on the interiayer dielectric layer is preferably 1.6 or less 

and more preferably from 0.08 to 1.0. By virtue of this aspect, the polymer is more 

efficiently multipoint adsorbed on the interiayer dielectric layer. 

[0032] The molecular weight of the specific structural unit is preferably from 30 to 500 

and more preferably from 40 to 200 from the viewpoint of adsorptivity to the interiayer 

dielectric layer. Meanwhile, the molecular weight of the specific structural unit means the 

molecular weight of a monomer constituting the specific structural unit. 

The specific structural unit in the invention preferably has a relative distance 

between the cationic functional groups of 1.6 or less and a molecular weight of from 30 to 

500, and more preferably has a relative distance between the cationic lunctional groups of 

from 0.08 lo 1.0 and a molecular weigh! of from 40 to 200 from the viewpoint of 

adsorptivity to an interiayer dielectric layer. 

10033] The specific structural unit (a structural unit including a cationic functional group) 

may be, specifically, the unit structure derived from a monomer containing a cationic 

functional group exemplified below-'. 

Specific examples of the monomer containing a cationic functional group include 

an alkyleneimine, allylamine, diallyldimethvlammonium salt, vinyl pyridine, lysine, methyl 

vinylpyridine, and p-vinylpyridme. 
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10034] The alkyleneimine is preferably an alkyleneimine having from 2 to 12 carbon 

atoms and more preferably an alkyleneimine having from 2 to 8 carbon atoms. 

In addition, the alkyleneimine having from 2 to 12 carbon atoms is preferably a 

substituted or unsubstituted cyclic amine having from 2 to 8 carbon atoms. 

Specific examples of the alkyleneimine having from 2 to 12 carbon atoms include 

ethyleneimine (another name: aziridine), propyleneimine (another name: 2-methyi 

aziridine), butyleneimine, pentyieneimine, hexyleneimine, heplyieneimine, octyleneimine, 

trimethyleneimine (another name: azetidine), tetramethyleneimine (another name: 

pyrrolidine), pentamethyleneimine (another name: piperidine), hexamethyleneimine, and 

octamethyleneimine. Among them, ethyleneimine is particularly preferable. 

[0035] The monomer containing a cationic functionai group is, among them described 

above, preferably at least one of an alkyleneimine (preferably an alkyleneimine having from 

2 to 8 carbon atoms) or an allylamine, and more preferably an alkyleneimine (preferably an 

alkyleneimine having from 2 to 4 carbon atoms, particularly preferably ethyleneimine) from 

the viewpoints of adsorptivity to an interiayer dielectric layer and sealing property. 

[0036] In addition, the polymer of the invention preferably contains a structural unit that is 

derived from an alkyleneimine having from 2 to 8 carbon atoms (more preferably having 

from 2 to 4 carbon atoms) and that contains a tertiary nitrogen atom, as the specific 

structural unit (the structural unit containing a cationic functionai group), from the 

viewpoints of adsorptivity to an interiayer dielectric layer and sealing property. 

The polymer of the invention more preferably contains a structural unit that is 

derived from an alkyleneimine having from 2 to 8 carbon atoms (more preferably having 

from 2 to 4 carbon atoms) and that contains a secondary nitrogen atom, in addition to the 

"structural unit that is derived from an alkyleneimine having from 2 to 8 carbon atoms 

(more preferably having from 2 to 4 carbon atoms) and that contains a tertiary nitrogen 

atom", from the viewpoint of easiness of synthesis. 

[0037] In addition, in a case in which a cationic functional group is introduced into the 

polymer by reacting at least one of a primary nitrogen atom or a secondary nitrogen atom 

contained in a polymer with a nitrogen-containing compound in order to increase the 

branching degree, a cationic functional group ("*" represents a bonding position with a 

nitrogen atom in the polymer backbone) represented below, or an arninopropyl group, a 

diaminopropyl group, an aminobutyl group, a diaminobutyl group, and a triaminobutyl 

group may be exemplified as a cationic functional group introduced into a polymer. 

[0038] 



[0039] Among the cationic functional groups introduced into a polymer, an aminoethyl 

group is preferable from the viewpoints of decreasing a cationic functional group equivalent 

and increasing a cationic functional group density. 

[0040 j In addition, the polymer may further contain at least one kind of a unit structure 

containing a nonionic functionai group or a unit structure containing an anionic functional 

group. 

Specific examples of the unit structure containing a nonionic functional group may 

include a unit structure derived from a vinyl alcohol a unit structure derived from an 

alkylene oxide, and a unit structure derived from vinylpyrrolidone. 

[ 0041 ] Moreover, specific examples of the unit structure containing an anionic functional 

group may include a unit structure derived from styrenesulfonic acid, a unit structure 

derived from vinvlsuifuric acid, a unit structure derived from aervlie acid, a unit structure 

derived from methacrvlic acid, a unit structure derived from maleic acid, and a unit 

structure derived from fumarie acid. 

[0042] In a case in which the polymer contains two or more kinds of specific structural 

units in the invention, the specific structural units may be different from each other in terms 

of any of the kind or the number of the contained cationic functional group, the molecular 

weight, and the like. In addition, the two or more kinds of specilic structural units may be 

contained as a block copolymer or a random copolymer. 
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[0043] In addition, the polymer may further eontain at least one kind of structural unit 

(hereinafter, it is referred to as a "second structural unit" in some cases) other than the 

specific structural unit described above. In a case in which the polymer contains a second 

structural unit, the polymer may be a block copolymer containing the specific structural unit 

and the second structural unit or a random copolymer containing the specific structural unit 

and the second structural unit. 

The second structural unit is not particularly limited as long as it is a structural unit 

derived from a monomer capable of being polymerized with a monomer constituting the 

specific structural unit. Examples thereof may include a structural unit derived from an 

olefin. 

[0044] In addition, in a case in which the polymer of the invention is a polymer that does 

not include a particular structural unit but includes a random structure formed by 

polymerizing a monomer constituting a polymer in a branched manner, the cationic 

functional group may be contained as at least part of the main chain, as at least part of a side 

chain, or as at least part of the main chain and at least part of a side chain. 

[0045] Specific examples of the polymer of the invention may include a 

polyalkyleneimine (for example, a polyalkyleneimine that is a polymer of an alkyleneimine 

having from 2 to 12 carbon atoms (preferably having from 2 to 8 carbon atoms and more 

preferably having from 2 to 4 carbon atoms), particularly preferably polyethyleneimine 

(PHI)), polyallylamine (PAA), polydiallyI dimethyl ammonium (PDDA), polyvinyl pyridine 

(PVP), poly-lysine, polymethyl pyridyl vinyl (PMPyV), protonated polyfp-pyridyl 

vinylene) (R-PHPyV), and any derivative thereof. Among them, a polyalkyleneimine (for 

example, a polyalkyleneimine that is a polymer of an alkyleneimine having from 2 to 12 

carbon atoms (preferably having from 2 to 8 carbon atoms and more preferably having from 

2 to 4 carbon atoms), particularly preferably polyethyleneimine (PEI)) or any derivative 

thereof, polyallylamine (PAA), and the like are preferable, and a polyalkyleneimine (for 

example, a polyalkyleneimine that is a polymer of an alkyleneimine having from 2 to 12 

carbon atoms (preferably having from 2 to 8 carbon atoms and more preferably having from 

2 to 4 carbon atoms), particularly preferably polyethyleneimine (PEI)) or any derivative 

thereof is more preferable. 

[0046] Polyethyleneimine (PEI) can be generally produced by polymerizing ethyleneimine 

by a commonly used method. The polymerization catalyst, polymerization conditions, and 

the like can also be appropriately selected from those used commonly in the polymerization 

of ethyleneimine. Specifically, ethyleneimine is subjected to a reaction, for example, at 

from 0 to 200°C in the presence of an effective quantity of acid catalyst, for example. 



hydrochloric acid. Moreover, ethyleneimine may he addition polymerized to a base 

polyethyleneimine. In addition, polyethyleneimine in the invention may be a 

homopolymer of ethyleneimine or a copolymer of ethyleneimine and a compound 

copolymerizahie with ethyleneimine, for example, an amine. The production method of 

such a polyethyleneimine may be referred to in, for example, Japanese Patent Publication 

(JP-B) No. S43-8828, JP-B No. S49-33120, and the like. 

In addition, polyethyleneimine described above may be polyethyleneimine 

obtained using crude ethyleneimine obtained from monoethanolamine. Specific 

description thereon may he referred to in, for example, JP-A No. 2001 -2123958, and the 

like. 

Meanwhile, a polyalkyleneimine other than polyethyleneimine can be produced by 

the same method as polyethyleneimine. 

f00471 Polyethyleneimine produced by the method described above includes a 

complicated backbone including not only a partial structure in which ethyleneimine is ring 

opened and bonded in a linear shape, but also a partial structure in which ethyleneimine is 

ring opened and bonded in a branched shape, a partial structure in which the partial 

structures in a linear shape are cross-linked with each other, and the like. A 

polyalkyleneimine other than polyethyleneimine also has a similar structure to 

polyethyleneimine. 

A polymer is more efficiently multipoint adsorbed by using a polymer including a 

cationic functional group of the structure described above. Moreover, a covering layer is 

more effectively formed by the interaction between polymers. 

[0048] The polymer of the invention is also preferably a derivative of polyalkyleneimine 

(for example, a derivative of polyalkyleneimine that is a polymer of an alkyleneimine 

having from 2 to 12 carbon atoms (preferably having from 2 to 8 carbon atoms and more 

preferably having from 2 to 4 carbon atoms), particularly preferably a derivative of 

polyethyleneimine). The derivative of polyalkyleneimine is not particularly limited as 

long as it is a compound producible using the polyalkyleneimine described above. 

Specific examples thereof may include a derivative of polyalkyleneimine in which an alky 1 

group (preferably an alky I group having from 1 to 10 carbon atoms) or an aryl group is 

introduced into a polyalkyleneimine. and a derivative of polyalkyleneimine obtained by 

introducing a cross-linkable group such as a hydroxyl group into a polyalkyleneimine. 

These derivatives of polyalkyleneimine can be produced by a method performed 

commonly using the polyalkyleneimine described above. Specifically, these derivatives of 

polyalkyleneimine can be produced based on the method described in, for example, JP-A 
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No. H6-016809. or the like. 

[0049] In addition, as a derivative of polyalkyleneimme, a highly branched type 

polyalkyleneimine obtained by increasing the branching degree of a polyalkyleneimine by 

reacting the polyalkyleneimine with a cationic functional group-containing monomer is also 

preferable. 

Examples of the method of obtaining a highly branched type polyalkyleneimine 

include a method in which a polyalkyleneimine including plural secondary nitrogen atoms 

in the backbone is reacted with a cationic functional group-containing monomer and thus at 

least part of the plural secondary nitrogen atoms are substituted with the cationic functional 

group-containing monomer, and a method in which a polyalkyleneimine including plural 

primary nitrogen atoms at terminals is reacted with a cationic functional group-containing, 

monomer and thus at least part of the plural primary nitrogen atoms are substituted with the 

cationic functional group-containing monomer. 

Examples of the cationic functional group introduced in order to increase the 

branching degree may include an aminoethyl group, an aminopropyl group, a 

diaminopropyl group, an aminobutyl group, a diaminobutyl group, and a triaminobutyl 

group, and an aminoethyl group is preferable from the viewpoint of decreasing the cationic 

functional group equivalent and increasing the cationic lunctional group density. 

As the method of obtaining a highly branched type polyalkyleneimine. a method 

explained in the section for a "method of producing a polymer" to be described below can 

be used. 

[ 0050] Moreover, polyethyleneimine described above and any derivative thereof may be a 

commercially available product. For example, polyethyleneimine and any derivative 

thereof sold by NIPPON SHOKUBAI CO.. LTD., BASF Japan Ltd., and the like may also 

be appropriately selected and used. 

[0051 ] The weight average molecular weight of the polymer in the invention is from 2,000 

to 1.000,000, preferably from 2,000 to 600,000, preferably from I 0,000 to 200,000, further 

preferably from 20,000 to 200,000, and more preferably from 20,000 to 150,000. 

For example, in a case in which the sealing composition for a semiconductor of the 

invention is applied to the production of a semiconductor device having a wiring interval of 

32 nm or less and a pore diameter on the interiayer dielectric layer of about from 2 to 6 nm, 

if the weight average molecular weight of the polymer is more than 1.000,000, the size of 

the polymer is greater than the wiring interval, and thus the polymer does not enter into a 

concave groove in which the wiring material is to be embedded, and as a result, a pore of a 

side surface of the groove is not sufficiently covered in some cases. In addition, if the 



weight average molecular weight of the polymer is less than 2.000, the size of the polymer 

molecule is smaller than the pore diameter on the interiayer dielectric layer, and thus the 

polymer molecule enters into the pore on the interiayer dielectric layer, and as a result, the 

dielectric constant of the interiayer dielectric layer increases in some cases. In addition, if 

the weight average molecular weight of the polymer is less than 2,000, the polymer does not 

multipoint adsorb in some cases. 

Mcamvhile. the weight average molecular weight is measured using a GPC device 

used commonly in the molecular weight measurement of polymer. 

[0052 ] In addition, the polymer is also preferably a polymer, of which the critical micelle 

concentration in a water medium is 1% by weight or more, or by which a micelle structure 

is not practically formed. Mere, the description that a micelle structure is not practically 

formed indicates that a micelle is not formed under a common condition such as in a water 

medium of room temperature, that is, the critical micelle concentration cannot be measured. 

By a polymer having such a feature, a thin polymer layer (for example, 5 nm or less) having 

a thickness of molecular level is more effectively formed, and increase in the dielectric 

constant of interiayer dielectric layer can be more effectively suppressed. Furthermore, the 

adhesion between an interiayer dielectric layer and a wiring material is more effectively 

improved. 

[ 0053 J Moreover, the polymer of the invention is preferably polyethyleneimine having a 

weight average molecular weight of from 2,000 to 1.000.000 and a cationic functionai 

group equivalent of from 27 to 430, more preferably polyethyleneimine having a weight 

average molecular weight of from 2,000 to 600,000 and a cationic functional group 

equivalent of from 27 to 430. and particularly preferably polyethyleneimine having a weight 

average molecular weight of from 10.000 to 150,000 and a cationic functional group 

equivalent of from 27 lo 400. By virtue of this aspect, the diffusion of a metal component 

or a plasma component into an interiayer dielectric layer is more effectively suppressed and 

the adhesion between an interiayer dielectric layer and a wiring, material is more improved. 

[0054] The content of the polymer in the sealing composition lor a semiconductor of the 

invention is not particularly limited, and can be, for example, from 0.01% to 5.0% by 

weight and preferably from 0.02% to 0.3% by weight. In addition, the content of the 

polymer in the sealing composition can be also adjusted based on the area of a surface, on 

which a polymer layer is formed using the sealing composition for a semiconductor of the 

invention, and a pore density. 

[0055] [Method of Producing. Polymer) 

As the method of producing a polymer of the invention, for example, a production 
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method including a process of reacting a raw material polymer containing at least one of a 

primary nitrogen atom or a secondary nitrogen atom with a monomer including a cationic 

functional group is preferable. 

By the reaction described above, at least one of a tertiary nitrogen atom or a 

quaternary nitrogen atom is generated from at least one of the primary nitrogen atom or the 

secondary nitrogen atom included in the raw material polymer, and thus the polymer of the 

invention, which has a branching degree of 48% or more, can be suitably obtained. 

The reaction can be performed by mixing the raw material polymer with the 

monomer including a cationic functional group in a solvent such as water or an alcohol, and 

refluxing while heating. 

The reaction time can be appropriately adjusted, and is, for example, preferably 

from 1 lo 24 hours and more preferably from 2 lo 12 hours. 

[0056] The raw material polymer in the method described above is not particularly limited 

as long as it contains at leasl one of a primary nitrogen atom or a secondary nitrogen atom, 

and a raw material polymer containing a secondary nitrogen atom is preferable. 

Examples of the raw material polymer containing a secondary nitrogen atom 

includes a polyalkyleneimine that is a polymer of an alkyleneimine having from 2 lo 12 

carbon atoms (preferably having from 2 to 8 carbon atoms), poly(N-aikylamide). or any 

derivative thereof. Here, specific examples of the alkyleneimine having from 2 to 12 

carbon atoms are as described above. In addition, examples of ihe derivative include a 

polyalkyleneimine into which an anionic functional group has been introduced. 

[0057] The weight average molecular weight of the raw material polymer is not 

particularly limited as long as it is a weight average molecular weight that enables 

production of'the polymer of the invention having a weight average molecular weight of 

from 2,000 to 1,000.000 by a reaction with a monomer including a cationic functional 

group. 

For example, the weight average molecular weight of the raw material polymer is 

preferably from 1,000 to 500,000, more preferably from 2,000 to 200,000, and particularly 

preferably from 5,000 to 150,000. 

[0058] In addition, examples of the monomer including a cationic functional group used in 

the production method described above include a nitrogen-containing compound. 

In addition, the cationic functional group in the monomer including a cationic 

functional group used in ihe production method described above is preferably bonded to a 

protective group that is stable under ihe reaction condition. 

By virtue of this, the reaction between the monomers including a cationic 
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functional group can be suppressed, and thus a polymer having a higher branching degree 

can be produced. 

[0059] As the protective group, a protective group used commonly can be used. 

Examples of the protective group include a t-butoxycarbonyl group (Boc group), a 

benzyloxycarbonyl group, a methoxycarhonyl group, a fluorenylearbonyl group, a formyl 

group, an acetyl group, a benzoyl group, a phthaloy! group, an allyl group, and a benzyl 

group. 

[0060] As the monomer including a cationic functional group bonded to a protective group, 

a nitrogen-containing compound including a nitrogen atom bonded to a protective group is 

more preferable. 

Specific examples of the nitrogen-containing compound including a nitrogen atom 

bonded to a protective group include a compound represented by any one of the following 

Formulas (m-1) to (m-3). 

R—N (m-1) R—N T^T (m~2) 
H n 

H 
R—N 

[0062 j In Formulas (m-1) to (m-3). R represents a protective group, and n represents an 

integer from 1 lo 4. 

The protective group represented by R may be any functional group that is 

generally used as the protective group for a nitrogen atom, and, for example, a 

l-butoxycarbonyl group (Boc group), a benzyloxycarbonyl group, a methoxycarhonyl group, 

a fluorenylearbonyl group, a formyl group, an acetyl group, a benzoyl group, a phthaloy! 

group, an allyl group, and a benzyl group are preferable. 

[0063] The nitrogen-containing compound (monomer) including a nitrogen atom bonded 

to a protective group is further preferably a compound represented by Formula (m-1), and 

particularly preferably a compound (protected aziridine) represented by Formula (m-1) in 

which n is 1. 

In addition, as the method of producing a polymer of the invention, a production 

method including a process of reacting a raw material polymer (for example, a 
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polyaikylencimine thai is a polymer of an alkyleneimine having from 2 lo 12 carbon atoms) 

containing a secondary nitrogen atom with a compound represented by Formula (m-1) is 

particularly preferable. 

[0064] In addition, the method of producing a polymer may include another process such 

as a process of deproteeting a calionic functional group including a protective group 

introduced into a polymer, if necessary. 

[0065] [Other Components] 

A content of sodium and a content of potassium in the sealing composition for a 

semiconductor of the invention are each 10 ppb by weight or less on an element basis. If 

the content of sodium and the content of potassium are each more than 10 ppb by weight on 

an element basis, a trouble in electrical properties of a semiconductor device such as failure 

of transistor occurs in some cases. 

[0066] The sealing composition for a semiconductor of the invention can contain a solvent 

in addition to the polymer if necessary. The solvent in the invention is not particularly 

limited as long as it is a solvent in which the polymer dissolves uniformly and hardly forms 

a micelle. Examples of the solvent may include water (preferably ultrapure water) and a 

water soluble organic solvent (for example, an alcohol, or the like). In the invention, water 

or a mixture of water and a water soluble organic solvent is preferably used as a solvent 

from the viewpoint of micelle forming property. 

[0067] In addition, the boiling point of the solvent is not particularly limited, but is 

preferably 210°C or lower and further preferably 160°C or lower. If the boiling point of 

solvent is in the above described range, the solvent can be removed at a temperature low-

enough not to significantly damage the dielectric properties of the interiayer dielectric layer 

and not to allow the sealing composition to be peeled off from the interiayer dielectric layer, 

for example in a case in which a cleaning process or a drying process is provided after a 

process in which the sealing composition for a semiconductor of the invention is brought 

into contact with an interiayer dielectric layer. 

[0068] Moreover, the sealing composition for a semiconductor of the invention may 

further contain a cation such as a cesium ion if necessary in a range that does not impair the 

effect of the invention. If a cation such as a cesium ion is contained in the composition, 

the polymer in the sealing composition for a semiconductor is prone to be more uniformly 

spread on the interiayer dielectric layer. 

[0069] Furthermore, it is preferable that the sealing composition for a semiconductor of 

the invention does not contain a compound that brings about corrosion or dissolution of the 

interiayer dielectric layer. Specifically, for example, if a fluorine compound or the like is 



contained in the composition of the invention, the interiayer dielectric layer is dissolved, 

and thus the dielectric properties of the interiayer dielectric layer are damaged and relative 

dielectric constant thereof increases in some cases particularly in a case in which the main 

material of the interiayer dielectric layer is an inorganic compound such as silica. 

[0070] The sealing composition for a semiconductor of the invention preferably contains 

only a compound that has a boiling point of210°C or lower and preferably 160°C or lower, 

or only a compound that does not exhibit degradability even heated up to 250°C\ as a 

component other than the polymer. 

Meanwhile, the '"compound that does not exhibit degradability even heated up to 

250CC is a compound of which the weight change after being held at 250°C under nitrogen 

for 1 hour is less than 50% with respect to the weight measured at 25°C. 

} 0071 ] The sealing composition for a semiconductor of the invention preferably has an 

average particle diameter measured by a dynamic light scattering method of 1 50 nm or less. 

II'the average particle diameter is 1 50 nm or less, adhesion with the wiring material 

is more improved, and thus diffusion of a metal component or a plasma component into an 

interiayer dielectric layer is further suppressed. 

The average particle diameter in the invention is measured by a dynamic light 

scattering method using BLSZ-2 manufactured by OTSUKA ELECTRONICS CO., LTD. 

and obtained as a cumulani average particle diameter. The measurement is performed 

under a condition of, for example, a solution concentration of from 0.1% to 1.0%, a 

temperature of from 23°C to 26°C, a cumulative number of 70 times, a repeat count of 3 

limes, and the like. A stable measurement can be performed by adding an electrolyte such 

as NaCl if necessary. 

[0072] Meanwhile, the case in which the average particle diameter is more than 150 nm in 

the invention is specifically a case in which a micelle (a micelle having an average panicle 

diameter of more than 150 nm) is formed in the composition, a case in which a polishing 

grain such as a metal oxide, or the like used at the lime of polishing (chemical mechanical 

polishing) copper lo be a wire is contained in the composition, or the like. 

If a micelle having a large particle diameter is formed in ihe sealing composition 

for a semiconductor, a polymer constituting the sealing composition for a semiconductor 

cannot sufficiently enter into a concave groove in which a wiring material is to be 

embedded, and thus a pore on a side surface of the groove cannot be sufficiently covered in 

some cases, for example, in a case in which the sealing composition for a semiconductor of 

the invention is applied lo the production of a semiconductor device having a line width of 

32 nm or less. 
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[0073] The average panicle diameter is preferably 100 nm or less, more preferably 50 nm 

or less, further more preferably 30 nm or less, and particularly preferably 10 nm or less 

from the viewpoint that the adhesion with the wiring material is more improved and the 

diffusion of a metal component or a plasma component into an interiayer dielectric layer is 

further suppressed. 

[0074] The pfl of the sealing composition for a semiconductor of the invention is not 

particularly limited, and the pH is preferably equal to or higher than an isoelectric point of 

an interiayer dielectric layer from the viewpoint of the adsorptivity of a polymer to the 

interiayer dielectric layer. In addition, the pH of the sealing composition for a 

semiconductor of the invention is preferably in a pH range in which the cationic functional 

group is in a cationic state. If the sealing composition for a semiconductor has the pH 

described above, the polymer is more efficiently adsorbed on an interiayer dielectric layer 

by the electrostatic interaction between the interiayer dielectric layer and the polymer. 

[0075] The isoelectric point of an interiayer dielectric layer is the isoelectric point 

exhibited by a compound constituting the interiayer dielectric layer, and for example, in a 

case in which a compound constituting an interiayer dielectric layer is porous silica, the 

isoelectric point is near pH 2 (25°C). 

In addition, the pH range in which the cationic functional group is in a cationic 

slate is such that the pH of the sealing composition for a semiconductor is equal to or less 

than the pKb of a polymer containing a cationic functional group. For example, in a case 

in which a polymer containing a cationic functional group is polvallylamine, the pKh is 

from 8 to 9. and in a case of polyethyleneimine, the pKb is from 7 to 1 2. 

In other words, the pH of the sealing composition for a semiconductor in the 

invention can be appropriately selected depending on the kind of the compound constituting 

an interiayer dielectric layer and the kind of the polymer, and the pH is, for example, 

preferably from 2 to 12 and more preferably from 7 to 11. 

Meanwhile, the pH (25°C) is measured using a pH measuring device used 

commonly. 

[0076] <Method of Producing Semiconductor Device> 

The method of producing a semiconductor device of the invention includes a 

sealing composition application process of applying the sealing composition for a 

semiconductor of the invention to an interiayer dielectric layer formed on a substrate, and 

further includes another process if necessary. 

The interiayer dielectric layer in the invention is preferably constituted by a 

material having a low dielectric constant. In addition, the interiayer dielectric layer in the 
21 



invention is preferably a porous interiayer dielectric layer (that is. an interiayer dielectric 

layer having a porous structure). 

The pore radius of the porous interiayer dielectric layer is not particularly limited, 

but is preferably from 0.5 nm to 4.0 nm and more preferably from 1.0 nm to 3.0 nm from 

the viewpoint that the sealing properly effect in the production method is more effectively 

exhibited. 

[0077] hi addition, the interiayer dielectric layer preferably contains porous silica and has 

a silanol residue derived from porous silica on the surface, in this case, a thin layer of a 

polymer is formed such that pores on the interiayer dielectric layer are covered with the 

polymer by the interaction of the silanol residue and a cationic functionai group contained 

in the polymer. 

[0078] As the porous silica, a porous silica that is commonly used in an interiayer 

dielectric layer of semiconductor device can be used without particular limitation. 

Examples thereof may include an oxide having a uniform mesopore in which 

self-organization of an organic compound and an inorganic compound is used and which is 

hydrothermally synthesized in a sealed heat resistant container using a surfactant and silica 

gel described in WO 91/11390, or porous silica produced from a surfactant and a 

condensate of an alkoxysilane described in Nature, Vol. 379, p. 703, 1996 or 

Supramoiecular Science, Vol. 5, p. 247, 1998. 

In addition, as the porous silica, porous silica (for example, porous silica formed 

using a composition containing a specific siloxanc compound) described in WO 

2009/123104 (Paragraphs from [0009] to [0187]) or WO 2010/137711 (Paragraphs from 

[0043] to [0088]) is preferably used. 

[0079] The substrate provided with an interiayer dielectric layer in the production method 

is not particularly limited, and examples thereof may include a semiconductor substrate 

such as silicon wafer, a glass substrate, a quartz substrate, a stainless substrate, and a plastic 

substrate. The shape of the substrate is also not particularly limited, and may be any shape 

such as a plaly shape or a paleliiform shape. 

[0080] The method of producing a semiconductor device of the invention includes a 

sealing composition application process of applying the sealing composition for a 

semiconductor of the invention to an interiayer dielectric layer formed on a substrate. 

The method of applying the sealing composition for a semiconductor of the 

invention to the interiayer dielectric layer is not particularly limited, and a method used 

commonly can be used. For example, a dipping method (for example, see the specification 

of U.S. Patent No. 520811 i). a spraying method (for example, see Schlenoff et aL 
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Langmtiir, 16 (26), p. 9968, 2000 or Izquierdo et a!.. Langmuir. 21 (16). p. 7558, 2005), a 

spin coating method (for example, see Lee et af, Langmuir, 19(18), p. 7592. 2003 or J. 

Polymer Science, part B. polymer physics, 42. p. 3654, 2004), and the like can be used. 

[0081] The method of applying the sealing composition for a semiconductor by the spin 

coating method is not particularly limited, and for example, a method can be used in which 

a sealing composition for a semiconductor is dropped on an interiayer dielectric layer while 

rotating a substrate on which the interiayer dielectric layer is formed by a spin coater, 

subsequently a rinsing treatment is performed by dropping a rinsing liquid such as water, 

and then drying is performed by increasing the revolution number of the substrate. At this 

time, drying may be performed after dropping of the sealing composition for a 

semiconductor, and dropping of water are repeated plural times. Alternatively, a sealing 

composition for a semiconductor may be dropped and then dried by increasing the number 

of revolutions, and after drying, the substrate may be temporarily transferred to a heat 

treatment device such as a hot plate and subjected to a heat treatment, and after heat 

treatment, the substrate may he reinstalled lo the spin coater again, and then a rinsing 

treatment and drying may be performed (these operations described above may be repeated 

plural limes). 

In the method of applying the sealing composition for a semiconductor by the spin 

coating method, conditions such as the revolution number of the substrate, the amount of 

the sealing composition for a semiconductor dropped and the dropping time thereof, the 

revolution number of substrate at the time of drying, and the amount of the rinsing liquid 

dropped and the dropping time thereof are not particularly limited, and can be appropriately 

adjusted in consideration of the thickness of a polymer layer (sealing layer) to be formed. 

[0082 ] In the method of producing a semiconductor device of the invention, a polymer 

layer containing the polymer can be formed on an interiayer dielectric layer as a thin layer 

using the sealing composition for a semiconductor containing the polymer. The thickness 

of the polymer layer is not particularly limited, and is. for example, from 0.3 nm to 30 rim, 

preferably from 0.3 nm to 10 nm, more preferably from 0.3 nm to 5 nm, and particularly 

preferably from 0.5 nm to 2 nm. 

Meanwhile, examples of the polymer layer stated herein include not only a form of 

a layer of polymer only but also a form of a layer (so-called infiltration layer) having a 

structure in which a polymer is infiltrated into the pores of a porous interiayer dielectric 

layer, in a case that the interiayer dielectric layer is a porous interiayer dielectric layer. 

[0083] In the method of producing a semiconductor device of the invention, it is preferable 

that the sealing composition for a semiconductor contains a polymer having a cationic 
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functional group equivalent of from 27 to 430, and the pH of the sealing composition for a 

semiconductor is equal to or higher than the isoelectric point of the interiayer dielectric 

layer, and the pH is in the range in which the cationic functional group is in a cationic state, 

and the pH is more preferably from 2 to 12, further preferably from 7 to 11. The polymer 

is more efficiently adsorbed to the interiayer dieiectric layer by bringing the sealing 

composition for a semiconductor into contact with the interiayer dielectric layer. 

The isoelectric point of the interiayer dielectric layer and the pH range in which the 

cationic functional group is in a cationic state are as described above. 

[ 0084 ] Further, the concentration of the polymer contained in the sealing composition for a 

semiconductor used in the sealing composition application process of the invention is 

preferably less than the critical mice! le concentration of the polymer. By virtue of this, the 

polymer can be applied to the interiayer dielectric layer as a thin layer (for example, 5 nm or 

less and more preferably 2 nm or less), and increase in dielectric constant can be 

suppressed. 

[0085] It is preferable that the method of producing a semiconductor device of the 

invention further includes a process of forming a concave groove having a width of from 10 

nm to 32 nm in the interiayer dielectric layer, and the sealing composition application 

process is a process of bringing the sealing composition for a semiconductor into contact 

with the interiayer dielectric layer at at least a side surface of the concave groove. 

By virtue of this aspect, the interiayer dielectric layer (pores present on an 

interiayer dielectric layer in a ease in which this interiayer dieiectric layer is a porous 

interiayer dielectric layer) constituting the side surface of the concave groove formed in the 

interiayer dielectric layer can be effectively covered. The diffusion of a metal component 

constituting a wiring material into the interiayer dielectric layer can be suppressed in a case 

in which the wiring material is embedded in the concave groove. 

Meanwhile, the side surface of a concave groove means a surface formed so as lo 

intersect approximately orthogonally with respect lo the surface parallel to a substrate. 

[0086] The process of forming a concave groove having a width of from 10 nm to 32 nm 

in the interiayer dielectric layer can be performed according to the commonly used 

production process conditions of a semiconductor device. For example, a hard mask and a 

photoresist are formed on an interiayer dielectric layer, and etching is performed according 

to the pattern of the photoresist, whereby a groove having a desired pattern can be formed. 

[0087] in addition, as the method of bringing the sealing composition for a semiconductor 

into contact with the interiayer dielectric layer on a side surface of the concave groove, the 

dipping method, the spraying method, and the spin coating method described above can be 
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used. 

In the invention, a cleaning process or a drying process may be further provided if 

necessary after bringing the sealing composition for a semiconductor into contact with the 

interiayer dielectric layer. 

[ 0088 j In the method of producing a semiconductor device of the invention, a process that 

is commonly performed, such as a wiring forming process, may he further included if 

necessary after the sealing composition application process. 

The wiring forming process can he performed according to a publicly known 

process condition. For example, a copper wiring is formed by a metal CVD method, a 

sputtering method, or an electrolytic plating method, and the film is smoothed by CMP. 

Subsequently, a cap film is formed on the surface of the film. A hard mask is further 

formed if necessary. A multilayer can he formed hv repeating the processes described 

above, whereby the semiconductor device of the invention can he produced. 

[0089 J Moreover, in the method of producing a semiconductor device of the invention, a 

barrier film (copper barrier layer) forming process can be further provided after the sealing 

composition application process but before the wiring forming, process. The diffusion of 

metal component into the interiayer dieiectric layer can be more effectively suppressed by 

forming a barrier film. 

The barrier film forming process can be performed according to a process 

condition used commonly. For example, a barrier film of a titanium compound such as 

titanium nitride, a tantalum compound such as tantalum nitride, a ruthenium compound, or a 

manganese compound can be formed by a vapor growth method (CVD) after the sealing 

composition application process. In the invention, a barrier film consisting of ruthenium 

compound is preferably formed. 

[0090] -^Semiconductor Device> 

The semiconductor device of the invention includes a structure in which an 

interiayer dieiectric layer (preferably a porous interiayer dielectric layer), a polymer layer 

containing a polymer including two or more cationic lunctional groups including at least 

one of a tertiary nitrogen atom or a quaternary nitrogen atom and having a weight average 

molecular weight of from 2,000 to 1,000,000, and a layer including copper are disposed in 

this order, and further includes other layers if necessary. Since a polymer layer containing 

a specific polymer is disposed between the interiayer dielectric layer and the wiring material, 

the occurrence of leakage current or the like is suppressed even in a fine circuit constitution 

of 32 nm or less, and thus favorable characteristics can be exhibited. 

In the semiconductor device of the invention, the thickness of the polymer layer is 
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preferably from 0.3 nm to 5 nm. 

In addition, in the semiconductor device ofthe invention, it is preferable that a 

copper barrier layer (preferably, a layer of ruthenium compound) is further disposed 

between the polymer layer and the wiring material containing copper. 

Meanwhile, the semiconductor device ofthe invention can be produced by the 

method of producing a semiconductor device. 

EXAMPLES 

[0091} Hereinafter, the invention will be described in more detail with reference lo 

Examples, but the invention is not limited to these Examples. 

[0092 j [Synthesis Example 1] 

-"Synthesis of I lyperbranehed Polyethyleneimine 1> 

(Synthesis of Modified Polyethyleneimine 1) 

Modified polyethyleneimine 1 was synthesized according to the following 

Reaction scheme 1 using polyethyleneimine as a starting material. 

Meanwhile, the polymer structures in the following Reaction scheme 1 and 

Reaction scheme 2 are structures illustrated schematically. The configuration ofthe 

tertiary nitrogen atom and the secondary nitrogen atom or the proportion ofthe secondary 

nitrogen atom to be substituted with a Roc-aminoethyl group to he described below changes 

in various ways by the synthesis condition. 
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0093] 

Reaction scheme 1 

0 
B0C; *-~Lo~ 

[0094] In Reaction scheme 1 above, * represents a bonding position. 

In this Synthesis Example 1, the detailed operation of Reaction scheme 1 above 

was as follows. 

In 70 mL of isopropanoL 10.5 g of polyethyleneimine (50% aqueous solution) 

manufactured by MP Biomedicals, LLC. was dissolved, 17.5 g (122 mmol) of 

N-t-butoxycarbonyi (in Examples, t-butoxyearbonyl group is also referred to as "Boc'') 

aziridine was added thereto, and the resultant was refluxed for 10 hours while heatimi, 

thereby obtaining modified polyethyleneimine 1 having a structure in which a 

Boc-aminoethyl group was introduced into polyethyleneimine. It was confirmed that 

N-Boc aziridine ofthe raw material was not present by thin-layer chromatography (TEC). 

The solvent was concentrated under reduced pressure, and then the structure ofthe resultant 

was confirmed by !H-NMR. The introduction rate ofthe Boe-aminoethyl group with 

respect to polyethyleneimine was calculated to be 95% from 'H-NMR data. 

'H-NMR (CD,OI»: 3.3 - 3.0 (br. s, 2), 2.8 - 2.5 (Br. s, 6.2), 1.45 (s, 9) 

[0095 ] (Synthesis of I lyperbranehed Polyethyleneimine 1) 

Hyperbranched polyethyleneimine I was synthesized according to the following 

Reaction scheme 2 using the modified polyethyleneimine 1 as the starting material. 
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Reaction scheme 2 

Boc-NH 
Boc. 

V 

NH HN 

N. 
N' 

Boc' 

.N. N 

NH 
Boc' .NH 

Boc 

N' 

Boc' NH 

CH3OH 
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[0097] In this Synthesis Example 1, the detailed operation of Reaction scheme 2 above 

was as follows. 

The modified polyethyleneimine 1 was dissolved in 40 niE of methanol, and 20 ml. 

of 12N hydrochloric acid was gradually added to this solution while stirring the solution 

thus obtained. The solution thus obtained was stirred at 50°C for 4 hours while heating. 

Reaction product in the form of gum was generated in the reaction solution together with 

the generation of gas. The reaction solution was cooled after generation of gas was 

completed. After cooling, the solvent separated from this reaction product in the form of 

gum was removed, and then the remaining reaction product was washed with 10 ml. of 

methanol two times. The reaction product after washing was dissolved in water, and the 

chlorine ion was removed by an anion exchange polymer, thereby obtaining 8 g of 

hyperbranched polyethyleneimine 1. 

'H-NMR (IM)): 5 2.8-2.4 (br. m) 
!IC-NMR (D2O): 6 (integration ratio) 57.2 (1.0), 54.1 (0.38), 52.2 (2.26), 51.6 

(0.27), 48.5 (0.07), 46.7 (0.37), 40.8 (0.19), 38.8 (1.06) 

[0098] With regard to the hyperbranched polyethyleneimine 1, the weight average 

molecular weight, the molecular weight distribution, the cationic functional group (a 

primary nitrogen atom, a secondary nitrogen atom, a tertiary nitrogen atom, and a 

quaternary nitrogen atom ) equivalent, the amount (% by mole ) of primary nitrogen atom, 
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the amount {% by mole) of secondary nitrogen atom, the amount (% by mole) of tertiary 

nitrogen atom, the amount (% by mole) of quaternary nitrogen atom, the branching degree 

(%), and the viscosity rj (dl/g) were measured, respectively. The results of the 

measurements are listed in Table 1 to be described below. 

[0099] Here, the cationic functional group equivalent is a value ofthe molecular weight 

with respect to one cationic functional group, and can be calculated from the structure of 

polymer. 

In addition, the amount (% by mole) of primary nitrogen atom, the amount (% by 

mole) of secondary nitrogen atom, the amount (% by mole) of tertiary nitrogen atom, the 

amount (% by mole) of quaternary nitrogen atom, and the branching degree (%) were 

calculated on the basis of the integrated value obtained as follows. A polymer sample (in 

this Synthesis Example 1, hyperbranched polyethyleneimine 1) was dissolved in heavy 

water, and LT-NMR measurement was performed by a single pulse reverse gated 

decoupling method at 80°C using AVANCE 500 type nuclear magnetic resonance apparatus 

manufactured by Bruker Japan Co., Lid. with regard to the solution thus obtained, and 

analysis on which order of amine (nitrogen atom) each ofthe carbons was bonded to was 

performed from the result of ' 'C-NMR measurement. Description on assignment is staled 

in European Polymer Journal, 1973, Vol. 9, pp. 559, and the like. 

The weight average molecular weight and the molecular weight distribution were 

measured using Shodex GPC-101 as an analytical instrument and Asahipak GF-7M HQ as a 

column, and calculated using polyethylene glycol as the reference standard. However, 

since the standard curve of GPC changes as the branching degree increases as known by the 

Mark-Houwink-Sakurada equation, it should be noted that the weight average molecular 

weight and the molecular weight distribution in Table I are the numerical values based on 

polyethylene glycol. 

[0100] Here, the amount (% by mole) of primary nitrogen atom, the amount (% by mole) 

of secondary nitrogen atom, the amount (% by mole) of tertiary nitrogen atom, and the 

amount (% by mole) of quaternary nitrogen atom are the amounts represented by the 

following Equations A to D, respectively. 

[0101 ] Amount (% by mole) of primary nitrogen atom (mole number of primary 

nitrogen atom/(mole number of primary nitrogen atom + mole number of secondary-

nitrogen atom -v mole number of tertiary nitrogen atom -s- mole number of quaternary 

nitrogen atom)) >• 100 " Equation A 

Amount (% by mole) of secondary nitrogen atom :r (mole number of secondary-

nitrogen a?om/(mole number of primary nitrogen atom ~~ mole number of secondary 
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nitrogen atom - mole number of tertiary nitrogen atom ^ mole number of quaternary 

nitrogen atom)) * 100 ••• Equation B 

Amount (% by mole) of tertiary nitrogen atom = (mole number of tertiary nitrogen 

atom/(mole number of primary nitrogen atom 4 mole number of secondary nitrogen atom + 

mole number of tertiary nitrogen atom ~t- mole number of quaternary nitrogen atom)) * 1 (){) 

Equation C 

Amount (% by mole) of quaternary nitrogen atom = (mole number of quaternary 

nitrogen atom/(molc number of primary nitrogen atom -r mole number of secondary 

nitrogen atom + mole number of tertiary nitrogen atom -+ mole number of quaternary 

nitrogen atom)) x 100 Equation 1) 

[0102] In addition, the branching degree was obtained by the following Equation E. 

Branching degree (%) --- ((amount (% by mole) of tertiary nitrogen atom i amount 

(% by mole) of quaternary nitrogen atom)/(amount (% by mole) of secondary nitrogen atom 

+- amount (% by mole) of tertiary nitrogen atom + amount (% by mole) of quaternary 

nitrogen atom) x 100 ••• Equation E 

[0103] In addition, viscosity q (dl/g) was obtained by measuring the sample solution drain 

time (seconds) and blank drain time (seconds) using Ubbeiohde viscometer with regard to 

an aqueous solution containing 0.5% by weight of hyperbranched polyethyleneimine 1 and 

then calculating by the following Equation F. 

Viscosity q (dl/g) = (In (sample solution drain time (seconds)/blank drain time 

(seconds)))/concentration of solution (g/dl) Equation F 

[0104] [Synthesis Example 2] 

<Synthesis of Hyperbranched Polyethyleneimine 2> 

(Synthesis of Modified Polyethyleneimine 2) 

Modified polyethyleneimine 2 was synthesized by the same reaction scheme as 

Reaction scheme I above. However, in this Synthesis Example 2, the detailed operation 

was as follows. 

In 64 mL of isopropanol, 12.8 g of polyethyleneimine (50% aqueous solution) 

manufactured by MP Biomedicals, LLC. was dissolved, 4.26 g (30 mmol) of N-Boe 

aziridine is added thereto, and the resultant was refluxed for 3 hours while heating, thereby-

obtaining reaction liquid containing modified polyethyleneimine 2 having a structure in 

which a Boc-aminoelhyl group was introduced into polyethyleneimine. It was confirmed 

that N-Boc aziridine ofthe raw material was not present by TEC. A small amount ofthe 

reaction liquid was taken as a sample and then NMR measurement ofthe sample was 

performed, thereby confirming the structure thereof. The introduction rate ofthe 



Boc-aminoethyl group with respect to polyethyleneimine was calculated to he 20% from 

'H-NMR data. 

'H-NMR (Ci>,OD): 6 3.3 - 3.0 (br. s, 2), 2.8 - 2.5 (Br. s, 23), 1.45 (s, 9) 

[ 0105] (Synthesis of Hyperbranched Polyethyleneimine 2) 

Hyperbranched polyethyleneimine 2 was synthesized by the same reaction scheme 

as Reaction scheme 2 above. However, in this Synthesis Example 2, the detailed operation 

was as follows. 

To this reaction liquid containing the modified polyethyleneimine 2, 14.9 ml, of 

12N hydrochloric acid was gradually added while stirring the reaction liquid. The solution 

thus obtained was stirred at 50°C for 3 hours while heating. Reaction product in the form 

of gum was generated in the reaction solution together with the generation of gas. The 

reaction solution was cooled after generation of gas was completed. After cooling, the 

solvent separated from this reaction product in the form of gum was removed, and then the 

remaining reaction product was washed with 10 mL of methanol three times. The reaction 

product after washing was dissolved in water, and the chlorine ion was removed by an anion 

exchange polymer, thereby obtaining 10.5 g of hyperbranched polyethyleneimine 2. 

'H-NMR (D20): 8 2.8 - 2.4 (br. m) 
1V-NMR (!)<)}: <> (integration ratio) 57.1 (1.0), 54.1 (1.61), 52.2 (2.75), 51.5 

(0.82), 48.5 (1.07), 46.6 (1.67), 40.7 (0.79), 38.8 (1.04) 

[0106] With regard to the hyperbranched polyethyleneimine 2, the weight average 

molecular weight, the molecular weight distribution, the cationic functional group 

equivalent, the amount (% by mole) of primary nitrogen atom, the amount (% by mole) of 

secondary nitrogen atom, the amount (% by mole) of tertiary nitrogen atom, the amount (% 

by mole) of quaternary nitrogen atom, the branching degree (%), and the viscosity r| (dl/g) 

were measured, respectively in the same manner as in the hyperbranched polyethyleneimine 

1. The results ofthe measurements are listed in Table I to be described below. 

[0107] [Synthesis Example 3] 

•-Synthesis of Hyperbranched Polyethyleneimine 3> 

In 30 mL of methanol, 10.0 g of polyethyleneimine P-1000 (30% aqueous solution) 

manufactured bv NIPPON SHOKUBAl CO., LIT), was dissolved, and the solution thus 

obtained was cooled to I0°C or lower. To the solution after cooling, 6.0 g (70 mmol) of 

methyl acrylatc was added dropwise, and then was left to stand at room temperature for 48 

hours. A small amount, ofthe solution after leaving to stand was taken as a sample, and 

then it was confirmed that methyl acrylate was not present by Tl-NMR measurement. To 

the solution after leaving to stand, 83.7 g (1 395 mmol) of ethyienediamine was added and 
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then refluxed for 9 hours while heating. The reaction solvent and excessive 

elhylenediamine were distilled off under reduced pressure from the solution after re fluxing, 

and the residue was dissolved in 25 mL of methanol. A polymer was precipitated by 

adding ethyl acetate to the solution thus obtained, and then the solvent was removed, and 

the residue was washed with ethyl acetate. Water was added to the residue after washing, 

and then the resultant was concentrated under reduced pressure, thereby obtaining 8.55 g of 

hyperbranched polyethyleneimine 3. 

'H-NMR (D20): a 3.3 - 3.1 (br. s, I), 2.9 - 2.2 (Br. m, 6) 

[0108] With regard to the hyperbranched polyethyleneimine 3, the weight average 

molecular weight, the molecular weight distribution, the cationic functional group 

equivalent, the amount (% by mole) of primary nitrogen atom, the amount (% by mole) of 

secondary nitrogen atom, the amount (% by mole) of tertiary nitrogen atom, the amount (% 

by mole) of quaternary nitrogen atom, the branching degree (%), and the viscosity i] (dl/g) 

were measured, respectively in the same manner as in the hyperbranched polyethyleneimine 

1. The results ofthe measurements are listed in fable 1 to be described below. 

[0109] [Synthesis Example 4] 

<Synthesis of Hyperbranched Polyethyleneimine 4> 

Hyperbranched polyethyleneimine 4 having a branching degree of 90% was 

synthesized by repeating the reactions represented in Reaction schemes 1 and 2 above three 

times. Hereinafter, the details will be described. 

[0110] (Synthesis of Modified Polyethyleneimine 4A: Reaction scheme 1) 

Modified polyethyleneimine 4A was synthesized according to Reaction scheme 1 

above. The detailed operation is as follows. 

In 53 mL of isopropanoh 8.0 g of polyethyleneimine (50% aqueous solution) 

manufactured by MP Biomedicals, LLC. was dissolved, 13.3 g (93 mmol) ofN-Boc 

aziridine is added thereto, and the resultant was refluxed for 8 hours while heating, thereby 

obtaining modified polyethyleneimine 4A having a structure in which a Boc-aminoethyl 

group was introduced into polyethyleneimine. It was confirmed that N-Boc aziridine of 

the raw material was not present by thin-layer chromatography (TLC). A small amount of 

the resultant thus obtained was taken as a sample and then 1 H-NMR measurement ofthe 

sample was performed, thereby confirming the structure thereof. The introduction rate of 

the Boc-aminoethv! group with respect to polyethyleneimine was calculated to be 95%. from 

'H-NMR data. 
1 H-NMR (CLhOD): 6 3.3 - 3.0 (br. s. 2). 2.8 - 2.5 (Br. s, 6.2). 1.45 (s, 9) 

[0111] (Synthesis of Branched Polyethyleneimine 4A: Reaction scheme 2) 
32 



Branched polyethyleneimine 4A was synthesized according to Reaction scheme 2 

above using the modified polyethyleneimine 4A as the starting material. The detailed 

operation is as follows. 

To an isopropanol solution ofthe modified polyethyleneimine 4A, 18 mL of 12N 

hydrochloric acid was gradually added. The solution thus obtained was stirred at 50°C for 

3 hours while heating, and attention was paid to the generation of gas. Reaction product in 

the form of gum was generated in the reaction solution together with the generation of gas. 

The reaction solution was cooled after generation of gas was completed. After cooling, the 

solvent separated from this reaction product in the form of gum was removed, and then the 

remaining reaction product was washed with 15 mL of methanol four times. The 

remaining reaction product was dissolved in water, and the chlorine ion was removed by an 

anion exchange polymer, thereby obtaining 26 g (purity: about 30%) of branched 

polyethyleneimine 4A. 

''H-NMR (I'M')): ft 2.8 - 2.4 (hr. m) 

10112] (Synthesis of Modified Polyethyleneimine 413: Reaction scheme I) 

Modified polyethyleneimine 4B was synthesized according to Reaction scheme 1 

above using the branched polyethyleneimine 4A as the starting material. The detailed 

operation is as follows. 

In 31 mL of isopropanol, the branched polyethyleneimine 4A (9.1 g, purity: about 

30%) was dissolved, 7.8 g (54.4 mmol) of N-Boc aziridine is added thereto, and the 

resultant was refluxed for 8 hours while heating, thereby obtaining modified 

polyethyleneimine 4B having a structure in which a Boc-aminoethyl group was introduced 

into polyethyleneimine. It was confirmed that N-Boc aziridine ofthe raw material was not 

present by thin-layer chromatography (TLC). A small amount ofthe resultant thus 

obtained was taken as a sample and then 'H-NMR measurement ofthe sample was 

performed, thereby confirming the structure thereof. The introduction rate ofthe 

Boc-aminoethyl group with respect to polyethyleneimine was calculated to be 90% from 

'H-NMR data. 

'H-NMR (CD^OD): 6 3.3 - 3.0 (br. s, 2), 2.8 - 2.5 (Br. s, 6.2}, 1.45 (s, 9) 

(0113] (Synthesis of Branched Polyethyleneimine 4B: Reaction scheme 2) 

Branched polyethyleneimine 4B was synthesized according to Reaction scheme 2 

above using the modified polyethyleneimine 4B as the starting material. The detailed 

operation is as follows. 

To an isopropanol solution of the modified polyethyleneimine 4B, 13 mL of 1 2N 

hydrochloric acid was gradually added. The solution thus obtained was stirred at 50°C for 



4 hours while heating, and attention was paid lo the generation of gas. Reaction product in 

the form of gum was generated in the reaction solution together with the generation of gas. 

The reaction solution was cooled alter generation of gas was completed. After cooling, the 

solvent separated from this reaction product in the form of gum was removed, and then the 

remaining reaction product was washed with 10 ml, of methanol three times. The 

remaining reaction product was dissolved in water, and the chlorine ion was removed by an 

anion exchange polymer, thereby obtaining 11.29 g (purity: about 40%) of branched 

polyethyleneimine 4B. 
!H-NMR (I TO): 6 2.8 - 2.4 (br. m) 

[0114] (Synthesis of Modified Polyethyleneimine 4C: Reaction scheme 1) 

Modified polyethyleneimine 4C was synthesized according to Reaction scheme 1 

above using the branched polyethyleneimine 4B as the starting material. The detailed 

operation is as follows. 

In 22.5 mL of isopropanol, the branched polyethyleneimine 4B (4.7 g, purity: about 

40%) was dissolved, 5.6 g (39.4 mmol) of N-Boc aziridine is added thereto, and the 

resultant was refluxed for 8 hours while heating, thereby obtaining modified 

polyethyleneimine 4C having a structure in which a Boc-aminoethvl group was introduced 

into polyethyleneimine. It was confirmed that N-Boc aziridine ofthe raw material was not 

present by thin-layer chromatography (TLC). A small amount ofthe resultant thus 

obtained was taken as a sample and then !H-NMR measurement ofthe sample was 

performed, thereby confirming the structure thereof. The introduction rate ofthe 

Boc-aminoethyl group with respect to polyethyleneimine was calculated to be 90% from 

'H-NMR data. 

'H-NMR (CD:X)D): 5 3.3 - 3.0 (br. s, 2), 2.8 - 2.5 (Br. s, 6.2), 1.45 (s, 9) 

[0115 J (Synthesis of Hyperbranched Polyethyleneimine 4: Reaction scheme 2) 

Hyperbranched polyethyleneimine 4 was synthesized according to Reaction 

scheme 2 above using the modified polyethyleneimine 4C as the starting material. The 

detailed operation is as follows. 

To an isopropanol solution ofthe modified polyethyleneimine 4C, 9 mL of 12N 

hydrochloric acid was gradually added. The solution thus obtained was stirred at 50°C for 

4 hours while heating, and attention was paid to the generation of gas. Reaction product in 

the form of gum was generated in the reaction solution together with the generation of gas. 

The reaction solution was cooled after generation of gas was completed. After cooling, the 

solvent separated from this reaction product in the form of gum was removed, and then the 

remaining reaction product was washed with 10 mL of methanol three times. The 
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remaining reaction product was dissolved in water, and the chlorine ion was removed by an 

anion exchange polymer, thereby obtaining 8.4 g (purity: about 40%) of ultrahyperbranched 

polyethyleneimine 4. 

'H-NMR (!>()): 5 2.8 - 2.4 (br. m) 

[0116] With regard to the hyperbranched polyethyleneimine 4, cationic functional group 

equivalent, the amount {% by mole) of primary nitrogen atom, the amount (% by moie) of 

secondary nitrogen atom, the amount (% by mole) of tertiary nitrogen atom, the amount (% 

by moie) of quaternary nitrogen atom, and the branching degree were measured, 

respectively, in the same manner as in the hyperbranched polyethyleneimine 1. 

As a result, the cationic functional group equivalent was 43, the amount of primary 

nitrogen atom was 47% by mole, the amount of secondary nitrogen atom was 5% by mole, 

the amount of tertiary nitrogen atom was 48% by mole, the amount of quaternary nitrogen 

atom was 0% by mole, and the branching degree was 90%. 

The weight average molecular weight ofthe hyperbranched polyethyleneimine 4 

was not able to be measured at the moment, but it is thought that the weight average 

molecular weight thereof is in the range of from 2,000 to 1,000,000 in consideration ofthe 

synthesis conditions described above. 

[011 7] [Example 1 ] 

-"'•Preparation of Sealing composition for a semiconductor"--' 

A sealing composition for a semiconductor (hereinafter, it is also referred to as the 

"sealing composition 1") was obtained by dissolving the hyperbranched polyethyleneimine 

1 (250 mg) in 100 mL of water. 

With regard to the sealing composition 1 thus obtained, the content of sodium, the 

content of potassium, and the volume average particle diameter was measured, respectively. 

The results ofthe measurements are listed in Table 1 below. 

[0118] Here, the content of sodium and the content of potassium were measured using an 

inductively coupled plasma mass spectrometer (ICP-MS), respectively. The lower limit of 

measurement in this measurement is 1 ppb by weight for both ofthe content of sodium and 

the content of potassium. 

[0119] in addition, in order to confirm the micelle forming property, the volume average 

particle diameter was measured by a dynamic light scattering method using ELSZ-2 

manufactured by OTSUKA ELECTRONICS CO., LTD. The volume average particle 

diameter was less than the detection limit (< 10 nm). 

Meanwhile, the measuring condition was a cumulative number of 70 times, a 

repeat count of 1 time, and a histogram analysis and a cumulant analysis were used as the 



analysis condition. 

[0120] [ Formation of Interiayer Dielectric Film] 

A composition for porous silica formation was prepared using the following 

respective components, and then an interiayer dielectric lilm was formed using the 

composition for porous silica formation thus obtained. 

Hereinafter, the details will be described. 

[0121 j (Components of Composition for Porous Silica Formation) 

- Alkoxysilane Compound -

Purified bis(triethoxysilyl)ethane (manufactured by Gelest, Inc., 

(CNHsO^SiCH^'HnSitOC^H.O.i) by distillation, and 

Dimethyldiethoxysilane (manufactured by YAMANAKA SEMICONDUCTOR 

CORPORATION (currently YAMANAKA HUTECH CORPORATION), an electronics 

industry grade, ((CH^SKOC^H?):)). 

- Surfactant -

A compound obtained by dissolving polyoxyethylene (20) stearyl ether 

(manufactured by Sigma-Aldrich Co. LLC., Trade name: Brij78, CixH.^CfLCl-LO^oH) in 

ethanol for electronics industry, and performing a demetallization treatment lo 10 ppb or 

less using an ion exchange polymer. 

- Disilyl Compound -

Purified hexamethyldisiloxane (manufactured by Sigma-Aldrich Co. LLC.. 

((CTT^Si^O) by distillation. 

- Water -

Pure water which is subjected to a demetallization treatment and has a resistance 

value of 18 MO or higher. 

- Organic Solvent -

Ethanol {manufactured by Wako Pure Chemical Industries, Ltd., an electronics 

industry grade, CMTOH), 

1-Propyl alcohol (manufactured by KANTO CHEMICAL CO.. INC., an 

electronics industry grade, CTLCH2CH2OH), and 

2-Rulyl alcohol (manufactured by KANTO CHEMICAL CO., INC. an electronics 

industry grade, CH^C^fDCHOH). 

[0122] (Preparation of Precursor Solution) 

At room temperature, 77.4 g of bis(triethoxysiIyl)ethane and 70.9 g of ethanol were 

mixed and stirred, and then 80 mL of 1 mol/L nitric acid was added thereto and stirred at 

50°C for 1 hour. Next, a solution obtained by dissolving 41.7 g of polyoxyethylene (20) 
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stearyf ether in 280 g of ethanol was mixed dropwise thereto. After mixing, the resultant 

was stirred at 30°C for 4 hours. The solution thus obtained was concentrated to be 123 g 

at 25°C under reduced pressure of 30 hPa. After concentration, a solution obtained by 

mixing 1-propyl alcohol and 2-hutyl alcohol al a volume ratio of 2 : 1 was added thereto, 

thereby obtaining 1280 g of a precursor solution. 

[0123] (Preparation of Composition for Porous Silica Formation) 

To 218 g ofthe precursor solution, 1.2 g ofdimethyldiethoxysilane and 0.6 g of 

hexamethyldisiloxane were added and stirred at 25°C for 1 hour, thereby obtaining a 

composition for porous silica formation. The amount of dimethyldiethoxysilane added and 

the amounl of hexamethyldisiloxane added al this time were 10% by moie and 5% by mole 

with respect to bis(iriethoxysiIyl)ethane, respectively. 

[0124] (Formation of Interiayer Dielectric Layer} 

On the surface of a silicon wafer, 1.0 ml, ofthe composition for porous silica 

formation was dropped and rotated at 2,000 rpm for 60 seconds, thereby coating the surface 

ofthe silicon wafer. The silicon wafer was heat treated under an atmosphere of nitrogen at 

I50°C for 1 minute and subsequently at 350°C for 10 minutes. Thereafter, the silicon 

wafer was heated to 350°C in a chamber equipped with a 172 nm excimer lamp and then 

irradiated with an ultraviolet ray at an output of 14 mW/cm" and a pressure of 1 Pa for 10 

minutes, thereby obtaining an interiayer dielectric layer (porous silica film). 

The pore radius ofthe interiayer dielectric layer thus obtained was 2.6 nm. 

In addition, the relative dielectric constant k ofthe interiayer dielectric layer thus 

obtained was 2.L and the elastic modulus E thereof was 6.2 GPa. 

[01 25} The pore radius ofthe interiayer dielectric layer was calculated from the isothermal 

line of toluene desorption. Here, the isothermal line of toluene desorption was measured 

by the same technique as in the sealing property evaluation to be described below using an 

optical porosimeter (PS-1200) manufactured by SEMI LAB JAPAN K. K. The pore radius 

was calculated using the Kelvin equation according to the technique described in M. R. 

Baklanov. K. P. Mogilnikov, V. G. Polovinkin. and F. N. Duitsey. Journal of Vacuum Science 

and Technology B (2000) 18. pp. 1385 to I39L 

In addition, the relative dielectric constant was measured by a conventional method 

using a mercury probe instrument (SSM5130) at 25°C under an atmosphere of 30% relative 

humidity, and at a frequency of 100 kHz. 

In addition, the elastic modulus was measured by a conventional method using a 

nanoindenter (Triboscope manufactured by Hysitron Corporation) at an indentation depth of 

equal to or less than 1/10 ofthe film thickness, 
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[0126] --Application of Sealing composition lor a semiconductor-* 

The sealing composition 1 (2.0 mL) was dropped on the interiayer dielectric layer 

(hereinafter, it is referred to as a "low-k film'' in some cases) at a constant speed for 30 

seconds while rotating the silicon wafer having the low-k film formed thereon using a spin 

coater at 600 rpm, and then drying was performed by rotating at 2,000 rpm for 10 seconds. 

Thereafter, the silicon wafer was transferred onto a hot plate, and then subjected to a heal 

treatment in the air at 125°C for i minute. Subsequently, the silicon wafer was reinstalled 

to the spin coaler, and then 3.0 mL of ultrapure water was dropped on the surface ofthe side, 

on which the sealing composition 1 had been dropped, ofthe silicon wafer at a constant 

speed for 30 seconds while rotating at 600 rpm, and then drying was performed by rotating 

at 2,000 rpm for 60 seconds. This film forming operation ofthe sealing layer was repeated 

three times. 

By the method described above, a layer (sealing layer) ofthe polymer contained in 

the sealing composition 1 was formed on the interiayer dielectric layer, thereby obtaining a 

laminated body (hereinafter, it is also referred to as a "sample (Si/Iow-k/PEI)") having a 

structure in which a silicon wafer, an interiayer dielectric layer, and a sealing layer were 

laminated in order. 

Meanwhile, as water, ultrapure water (Miili-Q water manufaclured by Millipore 

Corporation, resistance: 18 Mil-cm or less (25°C)) was used. 

[0127] -''Evaluation of Sealing Property> 

Evaluation of sealing property was performed using the sample (Si/low-k/PEI). 

The evaluation of sealing property was performed by measuring the toluene 

adsorption characteristics on the sealing layer (PEI) surface of the sample (Si/low-k/PEI). 

In this measurement ofthe toluene adsorption characteristics, the sealing property that 

prevents the wiring material (copper or the like) from invading into the low-k film is great 

as the amount of toluene adsorbed is small. 

The adsorption of toluene was measured using an optical porosimeter (PS-1200) 

manufactured by SEMI LAB JAPAN K. K. 

As the measuring method, a technique described in M. R. Baklanov, K. P. 

Mogilnikov, V. G. Polovinkin. and F. N. Dultsey, Journal of Vacuum Science and 

Technology B (2000) 18, pp. 1385 to 1391 was adopted. 

Specifically, the sample chamber having the sample (Si/low-k/PEI) therein was 

evacuated to 5 mTorr in a temperature range of from 23°C to 26°C, and the toluene gas was 

sufficiently gradually introduced into the sample chamber. Al each ofthe pressures, the 

refractive index ofthe low-k film was measured in situ by an ellipsometer instrument. 



This operation was performed until the pressure in the sample chamber readied to the 

saturated vapor pressure of toluene. In the same manner, the refractive index at each of the 

pressures was measured along with evacuating little by little the atmosphere in the sample 

chamber. By this operation, change in refractive index caused by the adsorption and 

desorption of toluene on the low-k film was obtained. Moreover, the isothermal line ofthe 

toluene gas adsorption and desorption was calculated from the relative pressure 

characteristic ofthe refractive index using the Lorentz-Lorenz equation. 

The isothermal line ofthe toluene gas adsorption and desorption is illustrated in 

Fig. 1. 

The horizontal axis in Fig. 1 represents the relative pressure of toluene (P/Po: here, 

P represents the partial pressure of toluene al room temperature and Pf, represents the 

saturated vapor pressure of toluene at room temperature.), and the vertical axis represents 

the volume fraction (the ratio ofthe volume of toluene adsorbed al room temperature with 

respect to the volume ofthe entire low-k film) ofthe amount of toluene adsorbed. The 

volume fraction ofthe amount of toluene adsorbed was obtained based on the refractive 

index ofthe low-k film using the Lorentz-Lorenz equation. 

The sealing property is excellent as the relative pressure of toluene is large in a 

case in which the volume fraction ofthe amount of toluene adsorbed is the same. 

[0128] < Measurement ofThickness of Sealing Layer> 

The following measurement was performed in order to investigate the thickness 

(film thickness) ofthe sealing layer (PHI) in the sample (Si/Iow-k/PEI). 

In other words, the same operation as in --Application of Sealing composition for a 

semiconductor was performed except that the silicon wafer having an interiayer dielectric 

layer formed thereon was changed lo a silicon wafer not having an interiayer dielectric layer 

formed thereon in <Application of Sealing composition for a semiconductor. In this 

manner, a sample (hereinafter, it is also simply referred to as a "sample for measurement") 

for measurement ofthe thickness ofthe sealing layer, which had a structure having a sealing 

layer formed directly on the silicon wafer, was obtained. 

The thickness (unit: nm) ofthe sealing layer in the sample for measurement thus 

obtained was measured by a conventional method using an eilipsometer of an optical 

porosimeter (PS-1200) manufactured by SBMILAB JAPAN K. K. 

The results of ihe measurements ofthe sealing layer thickness (Him thickness) are 

listed in Table 1. 

[0129] [Example 2] 

A sealing composition for a semiconductor (hereinafter, it is referred lo as the 
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"sealing composition 2") was prepared in the same manner as in Example 1 except that the 

hyperbranched polyethyleneimine 1 was changed to the hyperbranched polyethyleneimine 2 

ofthe same mass. The same measurements and evaluations as in Example 1 were 

performed. 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. 1. 

In addition, the results ofthe respective measurements with regard to the sealing 

composition 2 are listed in Table 1. 

[0130] [Example 3) 

The application (preparation of sample (Si/low-k/PEI)) of sealing composition for a 

semiconductor was performed in the same manner as in Example 1 except that the pore 

radius ofthe low-k film was changed from 2.6 nm to 2.1 nm by changing the weight of 

polyoxyethylene (20) slearyl ether to 31.3 g, and the number ofthe film forming operation 

ofthe sealing layer was changed from three times to one time. The same measurements 

and evaluations as in Example 1 were performed. 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. 2. 

[0131] [Example 4[ 

A sealing composition for a semiconductor (hereinafter, it is referred to as the 

"sealing composition 3") was prepared in the same manner as in Example 3 except thai the 

hyperbranched polyethyleneimine 1 was changed to the hyperbranched polyethyleneimine 3 

ofthe same mass. The same measurements and evaluations as in Example 3 were 

performed. 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. 2. 

In addition, the results of the respective measurements with regard to the sealing 

composition 3 are listed in 'fable 1. 

[0132] [Comparative Example 1] 

A sealing composition for a semiconductor (hereinafter, it is referred to as the 

"comparative sealing composition I") was prepared in the same manner as in Example 1 

except that the hyperbranched polyethyleneimine 1 was changed to the polyethyleneimine I 

(prepared by purifying polyethyleneimine manufactured by MP Biomedicals, EEC. using a 

hollow fiber iilter of 10k and removing the low molecular weight components therefrom) of 

the same mass. The same measurements and evaluations as in Example 1 were performed. 

The result of evaluation on the sealing property (isothermal line of toluene gas 
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adsorption and desorption) is illustrated in Fig. 1. 

In addition, the results of the respective measurements with regard to the 

comparative sealing composition 1 are listed in Table 1. 

[0133] [Comparative Example 2] 

A sealing composition for a semiconductor (hereinafter, it is referred to as the 

"comparative sealing composition 2") was prepared in the same manner as in Example 1 

except that the hyperbranched polyethyleneimine 1 was changed to the polyethyleneimine 2 

(polyethyleneimine Eupasol WF manufactured by BASF Japan Ltd.) ofthe same mass. 

The same measurements and evaluations as in Example 1 were performed. 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. 1. 

In addition, the results ofthe respective measurements with regard to the 

comparative sealing composition 2 are listed in Table 1. 

[0134] [Comparative Example 3] 

A sealing composition for a semiconductor (hereinafter, it is referred to as the 

"comparative sealing composition 3") was prepared in the same manner as in Example I 

except that the hyperbranched polyethyleneimine I was changed to the polyethyleneimine 3 

(polyethyleneimine manufactured by MP Biomedicals, LLC.) ofthe same mass. The same 

measurements and evaluations as in Example 1 were performed. 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. L 

In addition, the results ofthe respective measurements with regard to the 

comparative sealing composition 3 are listed in Table 1. 

[0135] [Comparative Example 4] 

The same measurements and evaluations as in Example I were performed except 

that the hyperbranched polyethyleneimine 1 was not used (that is, the sealing composition 1 

was changed to water ofthe same mass). 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Tig. 1. 

[0136] [Comparative Example 5[ 

A sealing composition for a semiconductor (hereinafter, it is referred to as the 

"comparative sealing composition 3") was prepared in the same manner as in Example 3 

except that the hyperbranched polyethyleneimine 1 was changed to the polyethyleneimine 3 

(polyethyleneimine manufactured by MP Biomedicals, LLC.) ofthe same mass. The same 

measurements and evaluations as in Example 3 were performed. 
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The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. 2. 
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[0137] 

'Table 1 

Example 1 Example 2 Comparative 
Example 1 

Comparative 
Example 2 

Comparative 
Example 3 

Kind Sealing composition 1 Sealing composition 2 
Comparative 

sealing composition 
Comparative 

sealing composition 
9 

Comparative 
sealing composition 

-> 
J 

Kind Hyperbranched 
polyethyleneimine 1 

Hyperbranched Polyethyleneimine Polyethyleneimine 
2 

Polyethyleneimine 

Weight average molecular 
wemhi 40575 159435 ! 83288 17568 130774 

Molecular weight 
distribution 7.08 17,47 4.83 2 75 16.55 

Sealing 

Cationic functional group 
equivalent 43 43 43 43 43 

Sealing Polvmer Branching degree (%) 80 50 45 42 45 composition 
for a 

semiconductor 

Amount of primary nitrogen 
atom (% by mole) 45 34 32 J5 1 32 

composition 
for a 

semiconductor Amount of secondary 
nitrogen atom (% bv mole) n 33 38 40 38 

Amount of tertiary nitrogen 
atom (% by mole) 44 33 30 29 30 

Amount of quaternary 
nitrogen atom (% by mole) 0 0 0 0 0 

Viscositv n (di/sz) 0.18 0.33 0.71 0.15 
_ __ 

Content ofNa (ppb by weight) <1 <1 <1 <1 <1 
Content of K (ppb by weight) <1 <1 <1 <1 < | 

Volume average particle diameter 
(nm) <10 <10 - 0 <10 <10 

Number of film forming operation of sealing layer 3 times 3 times 3 times 3 times 3 times 
Fore radius of low-k film (nm) 2.6 2.6 2.6 2,6 2.6 

Film thickness of sealing layer (nm) J "> 12.2 N.l). 3.9 9.4 



Table 1 (continued) 

Comparative Example 
4 Example 3 , . Comparative Example 4 1 . , Example > 

Kind (Water) Sealing composition 1 
,, Comparative 
Sealing ,. . .t" sealinsi composition composition.) • " 

Kind 

Weight average molecular 
weight 

-

Hyperbranched 
polyethyleneimine 1 

Hvperbranched ,, , , . , , , . . Polveihvleneimme pohethyleneimme 
3 

Kind 

Weight average molecular 
weight 

-
40575 107097 130774 

Sealing 
composition 

for a 
semiconductor 

Polymer 

Molecular weight 
distribution 7.08 13.6 16.55 

Sealing 
composition 

for a 
semiconductor 

Polymer 

Cationic lunctional group 
equivalent 43 79 43 

Sealing 
composition 

for a 
semiconductor 

Polymer Branching degree (%) 80 77 45 
Sealing 

composition 
for a 

semiconductor 

Polymer 

Amount of primary 
nitrogen atom (% hv mole) 45 44 32 

Sealing 
composition 

for a 
semiconductor 

Amount of secondary 
nitrogen atom (% by mole) 1 1 13 38 

Sealing 
composition 

for a 
semiconductor 

Amounl of tertiary nitrogen 
atom (% by mole) 44 44 30 

Sealing 
composition 

for a 
semiconductor 

Amount of quaternary 
nitrogen atom (% by mole) 0 0 . 0 

Sealing 
composition 

for a 
semiconductor 

Viscositv n (dl ;u) 0.18 0.26 0.47 

Sealing 
composition 

for a 
semiconductor 

Content of Na (ppb by weight) <1 < 1 <1 

Sealing 
composition 

for a 
semiconductor 

Content of K (ppb by weight) < ] <1 <• 1 

Sealing 
composition 

for a 
semiconductor 

Volume average particle diameter 
(nm) < 0 < 10 < 10 

Number of fil n forming operation of sealinu iaver 1 time 1 1 time 1 lime 
Pore radius of low-k film (nm) 2.6 2.1 r 2.1 2.1 

Mlm ihickncss of sealing layer (nm) 3.7 I 5.3 4.2 
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[0138] Fig. 1 is the isothermal lines (a graph illustrating the relation between the relative 

pressure of toluene and the volume fraction ofthe amount of toluene adsorbed) of toluene 

gas adsorption and desorption in Examples 1 and 2 and Comparative Examples 1 to 4, in 

which the pore radius ofthe low-k film was 2.6 nm and the number ofthe film forming 

operation of sealing layer was 3 times. 

The sealing property is excellent as the relative pressure of toluene is large in a 

case in which the volume fraction of the amount of toluene adsorbed is the same (for 

example, see the dashed line in Fig. 1). 

[01 39] As illustrated in Fig. 1, the sealing property with respect to the low-k film was 

excellent in Examples 1 and 2, in which the branching degree ofthe polymer was 48% or 

more. Particularly in Example 1, the volume fraction ofthe amount of toluene adsorbed 

was significantly small over the whole range (0 to 1) ofthe relative pressure of toluene, and 

significantly excellent sealing property was exhibited. 

fO 140j In addition, in Examples 1 and 2 and Comparative Examples 1 to 3, the thickness 

ofthe sealing layer, which was measured according to < Measurement of Thickness of 

Sealing Layer> described above, was as listed in 'fable 1. 

Meanwhile, in 'fable 1, the term "N. D." (no data) indicates that there is no result of 

measurement since the measurement is not performed. 

From the result of evaluation on sealing property illustrated in Fig. I and the 

measurement result ofthe thickness of sealing layer listed in Table 1, it is confirmed that the 

sealing layers in Examples 1 and 2 exhibit excellent sealing property with respect to the 

low-k film in spite ofthe fact that the thickness thereof is significantly thin lo be about 12 

nm. 

[0141 j Fig. 2 is the isothermal lines (a graph illustrating the relation between the relative 

pressure of toluene and the volume fraction ofthe amount of toluene adsorbed) of toluene 

gas adsorption and desorption in Examples 3 and 4 and Comparative Example 5, in which 

the pore radius ofthe low-k film was 2.1 nm and the number ofthe film forming operation 

of sealing layer was 1 time. 

As illustrated in Fig. 2, the sealing property with respect to the low-k film was 

excellent in Examples 3 and 4. in which the branching degree of the polymer was 48% or 

more. 

[0142] In addition, in Examples 3 and 4 and Comparative Example 5, the thickness ofthe 

sealing layer, which was measured according to < Measurement of Thickness of Sealing 

Layer> described above, was as listed in fable E 

From the result of evaluation on sealing property illustrated in Fig. 2 and the 
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measurement result ofthe thickness of scaling layer listed in Table I, it is confirmed that the 

sealing layers in Examples 3 and 4 exhibit excellent sealing property with respect to the 

low-k film in spite ofthe fact that the thickness thereof is significantly thin lo be about from 

4 to 5 nm. 

[0143] [Example 5] 

Evaluation on the sealing property ofthe sealing layer formed through a heat 

treatment (heat treatment R described below) at 350°C was performed according to the 

following procedure. 

A silicon wafer with low-k film (pore radius: 1.6 nm) was prepared by changing 

the pore radius of the low-k film from 2.1 nm to 1.6 nm by changing the weight of 

polyoxyethylene (20) stearyl ether to 20.9 g in Example 3. 

The silicon wafer with low-k film (pore radius: 1.6 nm) thus prepared was installed 

to a spin coater, and the sealing composition 1 (1.0 mL) was dropped on the low-k film and 

then held for 23 seconds. Subsequently, the silicon wafer was rotated at 4,000 rpm lor 1 

second, further rotated at 600 rpm for 30 seconds, and then further rotated at 2,000 rpm for 

! 0 seconds, thereby performing drying. Thereafter, the silicon wafer was transferred onto 

a hot plate, and then subjected to a heat treatment (hereinafter, it is also referred to as the 

"heat treatment A") in the air at 125°C for 1 minute. Subsequently, the silicon wafer was 

reinstalled to the spin coater, and then 3.0 mL of ultrapure water was dropped on the surface 

ofthe side, on which the sealing composition 1 had been dropped, ofthe silicon wafer at a 

constant speed for 30 seconds while rotating at 600 rpm, and then drying was performed by 

rotating at 2,000 rpm for 60 seconds. Subsequently, a heat treatment (hereinafter, it is also 

referred to as the "heat treatment BT) was performed under an atmosphere of nitrogen at 

350°C for 2 minutes, thereby obtaining a sample (Si/low-k/PEI) of Example 5. 

The same measurements and evaluations as in Example 3 were performed (see 

Table 2 below) using the sample (Si/low-k/PEI) of Example 5 thus obtained. 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. 3. 

[0144] [Comparative Example 6] 

The same measurements and evaluations as in Example 5 were performed except 

that the hyperbranched polyethyleneimine 1 was changed to the polyethyleneimine 3 

(polyethyleneimine manufactured by MP Biomedicals, LLC.) ofthe same mass (see Table 2 

below). 

The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) is illustrated in Fig. 3. 
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(0145} 

Table 2 

Example 5 Comparative Example 6 

Kind Sealing composition 1 C o mp a rati v e sealing 
composition 3 

Kind Hyperbranched polyethyleneimine 1 Polyethyleneimine 3 
Weight average molecular weight 40575 130774 

Molecular weight distribution 7.08 16.55 
Cationic functional group equivalent 43 43 

Sealing Polymer Branching degree (%) 80 r 45 
composition for Polymer Amount of primary nitrogen atom (% by mole) 45 32 
a semiconductor Amounl of secondary nitrogen atom (% by mole) n 38 

Amount of tertiary nitrogen atom (% by mole) 44 30 
Amounl of quaternary nitrogen atom (% by mole) 0 0 

Viscosity u (dl/e) 0.18 0.47 
Content of Na (ppb by weight) <1 < | 
Content of K (ppb by weight) <1 <1 

Volume average particle diameter (nm) <10 <10 
Heat treatment A Fleal treatment A 

(125°C. 1 min, Air) (i 25 C. lmin. Air) 
Heat treatment in film forming operation ofsealing layer 

I leat treatment B Heat treatment B 
(350°C, 2min,N2) (350 C. 2min, N?) 

Pore radius of iovv-k film (nm) 1.6 1.6 
Film t lickncss ofsealing layer (nm) 6.0 6.9 
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[0146] Fig. 3 is the isothermal lines (a graph illustrating the relation between the relative 

pressure of toluene and the volume fraction ofthe amount of toluene adsorbed) of toluene 

gas adsorption and desorption in Example 5 and Comparative Example 6. 

As illustrated in Fig. 3, the sealing property with respect to the low-k film is 

superior in Example 5 compared to Comparative Example 6. 

This is presumed to be because the thermal decomposition ofthe polymer caused 

by the heat treatment B at 350°C is suppressed in Example 5 since the branching degree of 

the polymer contained in the sealing layer is higher (that is, the polymer is bulky) in 

Example 5 compared to Comparative Example 6. 

In addition, from the result of evaluation on sealing property illustrated in Fig. 3 

and the measurement result of the thickness ofsealing layer listed in Table 2, it is confirmed 

that the sealing layer in Example 5 exhibits excellent sealing property with respect lo the 

low-k film in spite ofthe fact that the thickness thereof is significantly thin to he 6.0 nm. 

[0147] [Example 6] 

A sealing composition for a semiconductor (hereinafter, it is referred to as the 

"sealing composition 4") was prepared in the same manner as in Comparative Example 5 

except that the polyethyleneimine 3 (polyethyleneimine manufactured by MP Biomedicals, 

EEC.) in Comparative Example 5 was changed to the hyperbranched polyethyleneimine 4 

(polyethyleneimine having a branching degree of 90%) ofthe same mass. The same 

measurements as in Comparative Example 5 were performed. In this sealing composition 

4, the content ofNa was less than I ppb by weight, the content of K was less than 1 ppb by 

weight, and the volume average particle diameter was less than 10 nm. 

Next, a silicon wafer with low-k film (pore radius: 2.1 nm) was prepared in the 

same manner as in Comparative Example 5. The silicon wafer with low-k film (pore 

radius: 2.1 nm) thus prepared was installed to a spin coater, and the sealing composition 4 

(1.0 ml.) was dropped on the low-k film and then held for 23 seconds. Subsequently, the 

silicon wafer was rotated at 4,000 rpm for 1 second, further rotated at 600 rpm for 30 

seconds, and then further rotated at 2.000 rpm for 10 seconds, thereby performing drying. 

Thereafter, the silicon wafer was transferred onto a hot plate, and then subjected to a heal 

treatment in the air at I25°C for I minute. Subsequently, the silicon wafer was reinstalled 

to the spin coater, and then 3.0 ml. of ultrapure water was dropped on the surface ofthe side, 

on which the sealing composition 4 bad been dropped, ofthe silicon wafer at a constant 

speed for 30 seconds while rotating at 600 rpm. and then drying was performed by rotating 

at 2,000 rpm for 60 seconds. A sample (Si/low-k/PEI) of Example 6 was obtained in the 

manner as described above. 
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The same measurements and evaluations as in Comparative Example 5 were 

performed (Fig. 4) using the sample (Si/low-k/PEI) of Example 6 thus obtained. 

In addition, the thickness ofthe sealing layer was measured in the same manner as 

in Comparative Example 5. As a result, the thickness ofthe sealing layer was 4.0 nm. 

[ 0148] The result of evaluation on the sealing property (isothermal line of toluene gas 

adsorption and desorption) in Example 6 is illustrated in Fig. 4. 

As illustrated in Fig. 4, the sealing properly with respect to the low-k film in 

Example 6, in which the branching degree ofthe polymer was 90%, was also excellent in 

the same manner as in other Examples. 

As described above, it is confirmed that the sealing layer in Example 6 exhibits 

excellent sealing property with respect lo the low-k film in spite of ihe fact that the 

thickness thereof is significantly thin to he 4.0 nm. 

[0149] The disclosure of Japanese Patent Application No. 201 2-0071 51 is incorporated 

herein by reference in its entirely. 

All publications, patent applications, and technical standards mentioned in this 

specification are herein incorporated by reference to the same extent as if each individual 

publication, patent application, or technical standard was specifically and individually 

indicated to be incorporated by reference. 
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CLAIMS 

1. A sealing composition for a semiconductor, comprising a polymer that includes 

two or more cationic functional groups including at least, one of a tertiary nitrogen atom or a 

quaternary nitrogen atom, that has a weight average molecular weight of from 2,000 to 

1,000,000, and that has a branching degree of 48% or more, wherein a content of sodium 

and a content of potassium in the sealing composition are each 10 ppb by weight or less on 

an element basis. 

2. The sealing composition for a semiconductor according to claim 1, wherein the 

polymer includes a structural unit that is derived from an alkyleneimine having from 2 to 8 

carbon atoms and that includes a tertiary nitrogen atom as a cationic functional group. 

3. 'fhe sealing composition for a semiconductor according to claim 2, wherein the 

polymer further includes a structural unit that is derived from an alkyleneimine having from 

2 to 8 carbon atoms and that includes a secondary nitrogen atom as a cationic functional 

group. 

4. 'fhe composition for sealing a semiconductor according to any one of claim 1 to 

claim 3, wherein the polymer includes primary nitrogen atoms, and a proportion ofthe 

primary nitrogen atoms to all the nitrogen atoms in the polymer is 33% by mole or more. 

5. 'fhe sealing composition for a semiconductor according to any one of claim 1 to 

claim 3. wherein the branching degree ofthe polymer is 55% or more. 

6. The sealing composition for a semiconductor according to any one of claim 1 to 

claim 3, wherein the sealing composition has an average particle diameter measured by a 

dynamic light scattering method of 150 nm or less. 

7. The sealing composition for a semiconductor according to any one of claim I to 

claim 3, wherein the polymer is a polyethyleneimine or a derivative of a polyethyleneimine. 

8. The sealing composition for a semiconductor according to any one of claim 1 to 

claim 3, wherein the polymer has a cationic functional group equivalent of from 27 lo 430. 
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9. A method of producing a semiconductor device, comprising a sealing composition 

application process of applying the sealing composition for a semiconductor according to 

any one of claim 1 to claim 3 to an interiayer dielectric layer formed on a substrate. 

10. fhe method of producing a semiconductor device according to claim 9, wherein 

the interiayer dielectric layer includes a porous silica and has a silanol residue derived from 

the porous silica on a surface thereof 

11. The method of producing a semiconductor device according to claim 9, the method 

further comprising a process of forming a concave groove having a width of from 10 nm to 

32 nm in the interiayer dielectric layer, wherein the sealing composition application process 

includes bringing the sealing composition for a semiconductor into contact with the 

interiayer dielectric layer at at least a side surface ofthe concave groove. 

12. A semiconductor device comprising a structure in which: 

an interiayer dielectric layer; 

a polymer layer containing a polymer that includes two or more cationic functional 

groups including at least one of a tertiary nitrogen atom or a quaternary nitrogen atom, that 

has a weight average molecular weight of from 2,000 to 600,000, and that has a branching 

degree of 48% or more; and 

a layer including copper 

are disposed in this order. 

13. A polymer that comprises two or more cationic functional groups including at least 

one of a tertiary nitrogen atom or a quaternary nitrogen atom, that has a weight average 

molecular weight of from 2,000 to 1,000.000, and that has a branching degree of 48% or 

more. 

14. The polymer according to claim 13, wherein the polymer is a polyethyleneimine or 

a derivative of a polyethyleneimine. 

15. A method of producing the polymer according to claim 13 or claim 14, the method 

comprising a process of reacting a raw material polymer containing a secondary nitrogen 

atom with a compound represented by the following Formula (m-I): 

51 



(m-1) 
n 

wherein, in Formula (m-

inteser from 1 to 4. 

R represents a protective group, and n represents an 


