






 

 4 

and electrical current is supplied to the electrolytic 

deposition composition to deposit copper on the substrate.  In 

these embodiments, the aqueous electrolytic composition 

comprises copper ions, an acid, a suppressor, and a quaternized 

poly(epihalohydrin) comprising n repeating units corresponding 

to structure 1N and p repeating units corresponding to structure 

1P: 

  

    

 

wherein Q has a structure corresponding to that which may be 

obtained by reacting a pendent methylene halide group of 

poly(epihalohydrin) with a tertiary amine selected from the 

group consisting of: (i) NR1R2R3 wherein each of R1, R2 and R3 is 

independently selected from the group consisting of substituted 

or unsubstituted alkyl, alicyclic, aralkyl, substituted or 

unsubstituted alkenyl, substituted or unsubstituted alkynyl, 

aryl and heterocyclic; (ii) an N-substituted and optionally 

further substituted heteroalicyclic amine wherein the N-

substituent is selected from the group consisting of substituted 

or unsubstituted alkyl, alicyclic, aralkyl, aryl, and 

heterocyclic; and (iii) a substituted or unsubstituted nitrogen-

containing heteroaryl compound; n is an integer between 3 and 

35, p is an integer between 0 and 25; X is a halo substituent; 

and X- is a monovalent anion, ordinarily a halide ion. Where any   
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of R1, R2 and R3 is substituted, the substituent preferably does 

not comprise an amino group. 

 

[0011a] In one aspect of the present invention, there is 

provided a process for electrodeposition of copper on a 

dielectric or semiconductor base structure, comprising 

contacting a metalizing substrate comprising a seminal 

conductive layer on the base structure with an aqueous 

electrolytic deposition composition; and supplying electrical 

current to the electrolytic deposition composition to deposit 

copper on the substrate; wherein the aqueous electrolytic 

composition comprises copper ions; an acid;a suppressor; and a 

quaternized poly(epihalohydrin) comprising n repeating units 

corresponding to structure 1N and p repeating units 

corresponding to structure 1P: 

  

    

 

wherein Q has a structure corresponding to that which is 

obtained by reacting a pendent methylene halide group of 

poly(epihalohydrin) with a tertiary amine selected from the 

group consisting of: (i) NR1R2R3 wherein each of R1, R2 and R3 is 

independently selected from the group consisting of substituted 

or unsubstituted alkyl, substituted or unsubstituted alkenyl, 

substituted or unsubstituted alkynyl, substituted or 
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unsubstituted alicyclic, substituted or unsubstituted aralkyl, 

substituted or unsubstituted aryl and substituted or 

unsubstituted heterocyclic, and wherein at least one of R1, R2 

and R3 is not a lower alkyl having between 1 and 3 carbon atoms; 

(ii) an N-substituted and optionally further substituted 

heteroalicyclic amine wherein the N-substituent is selected from 

the group consisting of substituted or unsubstituted alkyl, 

substituted or unsubstituted alicyclic, substituted or 

unsubstituted aralkyl, substituted or unsubstituted aryl, and 

substituted or unsubstituted heterocyclic; and (iii) a 

substituted or unsubstituted nitrogen-containing heteroaryl 

compound; n is an integer between 3 and 35, p is an integer 

between 0 and 25; X is a halo substituent; and X- is a monovalent 

anion. 

 

[0012] The structure and properties of the quaternized 

poly(epichlorohydrin) are compatible with other components of 

the electrolytic composition, especially with respect to 

solubility in the overall composition. Compatibility is a 

function of various structural parameters, including the extent 

of quaternization, the presence or absence of repeating units 

other than 1N and 1P, and molecular weight.  By “compatible” 

what is meant is that the quaternized poly(epihalohydrin) is 

capable of forming a homogeneous mixture with the overall 

composition that neither separates nor is altered by chemical 

interaction with the overall composition. By selection of the 

molecular weight of the core PECH, the amine for the 

quaternization reaction, the extent of quaternization, the 

optional use of co-monomers in polymerizing epihalohydrin, the 

identity of any co-monomers, and fraction of co-monomers, the 

composition can be tailored to assure compatibility while 

imparting the properties that may be optimal for a particular 



 

 5b 

application.  Preferred structural features are further 

discussed herein. 

[0013] In certain embodiments, the electrolytic solution 

further comprises an accelerator.  The sequence of repeating 

units in the quaternized poly(epihalohydrin) can be arranged in 

random, block, alternating or other configuration. 

[0014] The plating baths and plating processes described 

herein can be used in various applications, including Damascene 

plating of integrated circuits, filling submicron vias and 

trenches in dielectric base structure such as the silicon 

dioxide insulating layer on a silicon wafer or chip, filling 

through silicon vias, and plating through holes and/or blind 

microvias in printed circuit boards.  Compositions containing  
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What is Claimed is: 

 

1.    A process for electrodeposition of copper on a dielectric 

or semiconductor base structure, comprising:  

 contacting a metalizing substrate comprising a seminal 

conductive layer on the base structure with an aqueous 

electrolytic deposition composition; and 

 supplying electrical current to the electrolytic deposition 

composition to deposit copper on the substrate; 

wherein the aqueous electrolytic composition comprises: 

  copper ions; 

  an acid; 

  a suppressor; and 

  a quaternized poly(epihalohydrin) comprising n 

repeating units corresponding to structure 1N and p repeating 

units corresponding to structure 1P: 

  

    

wherein Q has a structure corresponding to that which is 

obtained by reacting a pendent methylene halide group of 

poly(epihalohydrin) with a tertiary amine selected from the 

group consisting of: (i) NR1R2R3 wherein each of R1, R2 and R3 is 

independently selected from the group consisting of substituted 

or unsubstituted alkyl, substituted or unsubstituted alkenyl, 

substituted or unsubstituted alkynyl, substituted or   
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unsubstituted alicyclic, substituted or unsubstituted aralkyl, 

substituted or unsubstituted aryl and substituted or 

unsubstituted heterocyclic, and wherein at least one of R1, R2 

and R3 is not a lower alkyl having between 1 and 3 carbon atoms; 

(ii) an N-substituted and optionally further substituted 

heteroalicyclic amine wherein the N-substituent is selected from 

the group consisting of substituted or unsubstituted alkyl, 

substituted or unsubstituted alicyclic, substituted or 

unsubstituted aralkyl, substituted or unsubstituted aryl, and 

substituted or unsubstituted heterocyclic; and (iii) a 

substituted or unsubstituted nitrogen-containing heteroaryl 

compound;  

n is an integer between 3 and 35, p is an integer between 0 

and 25;  

X is a halo substituent; and 

X- is a monovalent anion. 

 

2. The process as set forth in claim 1, wherein the aqueous 

electrolytic composition further comprises a polar organic 

solvent having a boiling point (neat) of at least 120°C. 

 

3.   A process as set forth in claim 1 wherein Q is selected 

from the group consisting of: 
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 and 

 

 

 

(IIC) 

 

wherein: (i) structure IIB is an N-substituted heterocyclic 

moiety; (ii) structure IIC is a heterocyclic moiety; (iii) each 

of R1, R2, R3 and R4 is independently selected from the group 

consisting of substituted or unsubstituted alkyl, substituted or 

unsubstituted alkenyl, substituted or unsubstituted  alkynyl, 

substituted or unsubstituted aralkyl, substituted or 

unsubstituted alicyclic, substituted or unsubstituted aryl, and 

substituted or unsubstituted heterocyclic; and (iv) each of R5, 

R6, R7, R8 and R9 is independently selected from the group 

consisting of hydrogen, substituted or unsubstituted alkyl, 

substituted or unsubstituted alkenyl, substituted or 

unsubstituted alkynyl, substituted or unsubstituted aralkyl, 

substituted or unsubstituted alicyclic, and substituted or 

unsubstituted aryl, and substituted or unsubstituted 

heterocyclic.  
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4.   A process as set forth in claim 1 wherein the quaternized 

poly(epihalohydrin) comprises additional repeating units 

comprising residues of at least one alkylene oxide. 

 

5.  A process as set forth in claim 4, wherein the residues of 

alkylene oxide are selected from the group consisting of 

ethylene oxide, propylene oxide, butylene oxide, 3,4-epoxy-1-

butanol, 2,3-epoxy-1-propanol, glycidol, and combinations of one 

or more of the foregoing. 

  

6.  A process as set forth in claim 1, wherein repeating units 

of the poly(epihalohydrin) consist essentially of residues of 

epihalohydrin and residues of quaternized epihalohydrin 

corresponding to Structure (I): 

 

  

. 

 

wherein the quaternized poly(epihalohydrin) repeating units and 

non-quaternized epihalohydrin repeating units in said 

quaternized poly(epihalohydrin) are arranged in a block, 

alternating or random configuration.  
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7.  A process as set forth in claim 1, wherein Q corresponds to 

the structure that is obtained in reacting a pendent methylene 

halide group of poly(epihalohydrin) with a tertiary amine that 

comprises NR1R2R3,  

 wherein one of R1, R2 and R3 is selected from the group 

consisting of unsubstituted alkyl having more than three carbon 

atoms, hydroxyalkyl, dihydroxyalkyl, phenyl, hydroxyphenyl, 

dihydroxyphenyl, benzyl, hydroxyphenylmethyl and 

dihydroxyphenylmethyl, and each of the others of R1, R2 and R3 is 

independently selected from lower alkyl having between 1 and 3 

carbon atoms. 

 

8.  A process as set forth in claim 1, wherein Q has the 

structure which is obtained from reacting a pendent methylene 

chloride group of poly(epihalohydrin) with a quaternizing agent 

selected from the group consisting of 3-

hydroxypropyldimethylamine, n-butyldimethylamine, di(3-

hydroxypropyl)methylamine, 2,3-dihydroxypropyldimethylamine, 3-

hydroxypropyldiethylamine, 2-hydroxypropyldimethylamine, 4-

hydroxybutyldimethylamine, 2-hydroxyethyldimethylamine, n-

propyldimethylamine, 2-hydroxyethoxyethyldimethylamine, di(2-

hydroxyethyl)methylamine, benzyldimethylamine and 4-

hydroxybenzyldimethylamine.  

 

9.  A process as set forth in claim 1, wherein Q corresponds to 

the structure that is obtained by reacting a pendent methylene 

chloride group of poly(epihalohydrin) with a tertiary amine 

selected from the group consisting of N-methylmorpholine, 

imidazole, 1-methylimidazole, 1-benzylimidazole, 2-imidazoline, 

3-imidazoline, 2-dimethylamino-1-ethanol, and 4-ethylpyridine. 
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10. A process as set forth in claim 1, wherein Q has the 

structure which is obtained from reacting a pendent methylene 

chloride group of poly(epihalohydrin) with a tertiary amine 

comprising an N,N-dimethylalkanolamine. 

 

11.  A process as set forth in claim 2, wherein the polar 

organic solvent is selected from the group consisting of 

ethylene glycol, propylene glycol, glycerin, ethylene glycol 

monomethyl ether, ethylene glycol monoethyl ether, ethylene 

glycol monopropyl ether, ethylene glycol monobutyl ether, and 

propylene glycol monomethyl ether. 

 

12.  A process as set forth in claim 1, further comprising 

depositing copper in a concavity in a surface of the base 

structure, wherein the concavity comprises one or more of a 

through silicon via, a submicron via or trench, or a through 

hole in a semiconductor assembly or printed circuit board. 

 

13.  A process as set forth in claim 1, wherein the conductive 

layer is selected from the group consisting of a copper seed 

layer, a conductive polymer layer and an under bump metal pad. 

 

14.  A process as set forth in claim 1, wherein the aqueous 

electrolytic deposition composition further comprises an 

accelerator. 

 

15.  A process as set forth in claim 1, wherein said aqueous 

electrolytic composition comprises: 

 Cu++ ions in a concentration between about 5 and about 80 

g/L; 

 acid selected from the group consisting of sulfuric acid 

and an alkanesulfonic acid in a concentration between about 5 

and about 80 g/L;  
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 accelerator in a concentration between about 1 and about 

100 mg/L; and 

 suppressor in a concentration up to 4000 mg/L. 

 

16.  A process as set forth in claim 15, wherein the 

concentration of said quaternized polyepihalohydrin in said 

aqueous electrolytic composition is between 1 and about 100 

mg/L. 

 

17.  A process as set forth in claim 1, wherein: 

an electrolytic circuit is established comprising the 

metalizing substrate comprising the conductive layer on a 

surface of the dielectric or semiconductor, an anode, the 

aqueous electrolytic composition in contact with said conductive 

layer and said anode, and a power source having a positive 

terminal in electrical communication with the anode and a 

negative terminal in electrical communication with the 

conductive layer; and 

a current is passed through said circuit to deposit copper, 

wherein copper is electrodeposited on the seminal 

conductive layer at an average current density between about 1 

and about 25 amps/dm2  integrated over the metalizing substrate. 

 

18.  A process as set forth in claim 1, wherein the 

epihalohydrin comprises epichlorohydrin.  

 

19.  A process as set forth in claim 6, wherein the polymeric 

moiety of structure (I) is bonded to a residual hydroxyl oxygen 

of an alcohol. 

 


