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hydrochloride is produced as a by-product by this reaction. Ammonium chloride is a white solid 

and as such accumulates in and clogs the exhaust lines of the CVD reaction apparatus.   Amine 

hydrochloride salts are highly undesirable contaminants in aminosilanes used for electrical 

applications because they can react with metals in the CVD chamber and degrade the electrical 

properties of the semiconductor material or lead the creation of other types of defects.  More than 

that, these salts are known to sublimate by a dissociation-recombination process generating HCl. 

Hydrogen chloride is a corrosive gas that can damage any process taking place in the CVD 

chamber as well as the chamber itself.  Reactive chlorine from these or any other sources may 

cause these deleterious effects.  Silane compounds synthesized without using halogen containing 

reactants thereby being free of halogens and aminohalogens are highly desirable.   

[0004] In CVD methods, it is therefore desired to have a precursor compound that is halogen 

free.  

SUMMARY OF INVENTION 

[0004a] In one aspect, there is provided a halogen free and amino halide free precursor 

compound having a formula:  

 

 (R1R2N)n1(R
3R4N)n2EkH(2(k+1)–n1–n2);
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wherein E = Si, n1 = 1 to (2(k + 1) – n2); n2 = 0 to (2(k + 1) – n1); k =3 to 6; R1 is a linear or 

branched C4 to C6 alkyl, linear or branched C1 to C8 alkenyl, linear or branched C1 to C8 alkynyl, 

C6 to C10 aryl, linear or branched C1 to C6 alkyl ether, silyl, trimethyl silyl, or linear or branched 

C1 to C6 alkyl-substituted silyl; R2 is H, a linear or branched C1 to C6 alkyl, linear or branched C1 

to C8 alkenyl, linear or branched C1 to C8 alkynyl, C6 to C10 aryl, linear or branched C1 to C6 

alkyl ether, silyl, trimethyl silyl, or linear or branched C1 to C6 alkyl-substituted silyl; R3 and R4 

are independently selected from the group consisting of H, linear or branched C1 to C6 alkyl, 

linear or branched C1 to C8 alkenyl, linear or branched C1 to C8 alkynyl, C6 to C10 aryl, linear or 

branched C1 to C6 alkyl ether, silyl, trimethyl silyl, or linear or branched C1 to C6 alkyl-

substituted silyl; and the amino group(s) n1 and n2 may be bound to any E atom. 

[0004b] In another aspect, there is provided a halogen free and amino halide free precursor 

compound having a formula: 

 

 (R1R2N)n1(R
3R4N)n2EkH(2(k+1)–n1–n2); 

wherein E = Si, n1 = 1; n2 = 1; k =1; R1 is silyl; R2 is silyl; R3 and R4 are independently selected 

from the group consisting of H, linear or branched C1 to C6 alkyl, linear or branched C1 to C8 

alkenyl, linear or branched C1 to C8 alkynyl, C6 to C10 aryl, linear or branched C1 to C6 alkyl 



 

2b 
 
   

 

ether, silyl, trimethyl silyl, or linear or branched C1 to C6 alkyl-substituted silyl; and the amino 

group(s) n1 and n2 may be bound to any E atom. 

[0004c] In yet another aspect, there is provided a halogen free and amino halide free precursor 

compound having the formula R1R2N Si3H7 wherein R1 is selected from the group of ethyl, iso-

propyl and t-butyl; R2 is selected from the group of H, methyl, and iso-propyl; R2 cannot equal H 

if  R1 is ethyl. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a typical reactor apparatus wherein the reaction vessel is an autoclave reactor fitted 

with a stirrer and connected to a manifold capable of providing vacuum and reactants.  

Figure 2 is a typical reactor apparatus wherein the reactor vessel is attached to a condenser 

allowing for hydrogen venting and a Dip-tube with filter for removal of the product.   

DETAILED DESCRIPTION OF THE INVENTION 

[0005] A method for the synthesis of compounds having silicon-heteroatom (X) bonds or 

germanium heteroatom bonds without the formation of halogen byproducts has been developed.  

The starting materials for the dehydrogenative coupling synthesis methods described herein are 

not halogen containing compounds. All of the compounds produced by the dehydrogenative  
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WE CLAIM: 

1.  A halogen free and amino halide free precursor compound having a formula: 

 

 

 (R1R2N)n1(R
3R4N)n2EkH(2(k+1)–n1–n2); 

wherein E = Si, n1 = 1 to (2(k + 1) – n2); n2 = 0 to (2(k + 1) – n1); k =3 to 6;  

R1 is a linear or branched C4 to C6 alkyl, linear or branched C1 to C8 alkenyl, linear or branched 

C1 to C8 alkynyl, C6 to C10 aryl, linear or branched C1 to C6 alkyl ether, silyl, trimethyl silyl, or 

linear or branched C1 to C6 alkyl-substituted silyl;  

R2 is H, a linear or branched C1 to C6 alkyl, linear or branched C1 to C8 alkenyl, linear or 

branched C1 to C8 alkynyl, C6 to C10 aryl, linear or branched C1 to C6 alkyl ether, silyl, trimethyl 

silyl, or linear or branched C1 to C6 alkyl-substituted silyl;  

R3 and R4 are independently selected from the group consisting of H, linear or branched C1 to C6 

alkyl, linear or branched C1 to C8 alkenyl, linear or branched C1 to C8 alkynyl, C6 to C10 aryl, 

linear or branched C1 to C6 alkyl ether, silyl, trimethyl silyl, or linear or branched C1 to C6 alkyl-

substituted silyl;  

and the amino group(s) n1 and n2 may be bound to any E atom. 
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2. The halogen free and amino halide free precursor compound of claim 1, wherein n1 = 1 and R1 

= C4 and R2 = H or C4. 

 

3. The halogen free and amino halide free precursor compound of claim 1, wherein n2 = 1 and R3 

= C4 and R4 = H or C4. 

 

4. The halogen free and amino halide free precursor compound of claims 2 or 3, wherein R2 = H. 

 

5. The halogen free and amino halide free precursor compound of claims 2 or 3, wherein R2 = 

C4. 

 

6. The halogen free and amino halide free precursor compound of claim 3, wherein R4 = H. 

 

7. The halogen free and amino halide free precursor compound of claim 3, wherein R4 = C4. 

 

8. The halogen free and amino halide free precursor compound of claim 4, wherein R4 = C4. 

 

9. The halogen free and amino halide free precursor compound of claim 5, wherein R4 = C4. 

 

10. The halogen free and amino halide free precursor compound of claim 4, wherein R4 = H. 

 

11. The halogen free and amino halide free precursor compound of claim 5, wherein R4 = H. 
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12. The halogen free and amino halide free precursor compound of claim 1, wherein k = 4 to 6. 

 

13. A halogen free and amino halide free precursor compound having a formula: 

 

 

 (R1R2N)n1(R
3R4N)n2EkH(2(k+1)–n1–n2); 

wherein E = Si, n1 = 1; n2 = 1; k =1;  

R1 is silyl;  

R2 is silyl;  

R3 and R4 are independently selected from the group consisting of H, linear or branched C1 to C6 

alkyl, linear or branched C1 to C8 alkenyl, linear or branched C1 to C8 alkynyl, C6 to C10 aryl, 

linear or branched C1 to C6 alkyl ether, silyl, trimethyl silyl, or linear or branched C1 to C6 alkyl-

substituted silyl;  

and the amino group(s) n1 and n2 may be bound to any E atom. 

 

14.  A halogen free and amino halide free precursor compound having the formula R1R2N Si3H7 

wherein R1 is selected from the group of ethyl, iso-propyl and t-butyl; R2 is selected from the 

group of H, methyl, and iso-propyl; R2 cannot equal H if  R1 is ethyl. 
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15. A halogen free and amino halide free precursor compound of claim 1, wherein k = 3, n1 = 

1, n2 = 0, R1 = C4 and R2 = C4. 

 

 

 

 

 



 

 

   

 

HALOGEN FREE SYNTHESES OF AMINOSILANES BY CATALYTIC 

DEHYDROGENATIVE COUPLING  

 

ABSTRACT 

Compounds and method of preparation of Si-X and Ge-X compounds (X = N, P, As and Sb) via 

dehydrogenative coupling between the corresponding unsubstituted silanes and amines 

(including ammonia) or phosphines catalyzed by metallic catalysts is described.  This new 

approach is based on the catalytic dehydrogenative coupling of a Si-H and a X-H moiety to form 

a Si-X containing compound and hydrogen gas (X = N, P, As and Sb). The process can be 

catalyzed by transition metal heterogenous catalysts such as  Ru(0) on carbon, Pd(0) on MgO) as 

well as transition metal organometallic complexes that act as homogeneous catalysts. The -Si-X 

products produced by dehydrogenative coupling are inherently halogen free.  Said compounds 

can be useful for the deposition of thin films by chemical vapor deposition or atomic layer 

deposition of Si � containing films. 

 

FIG. 2 
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