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Claims: 

 

1. A method of forming a tungsten film on a semiconductor substrate, the method 

comprising: 

 depositing a tungsten nucleation layer on the semiconductor substrate; and 

 depositing a tungsten bulk layer on the tungsten nucleation layer by a CVD 

process in which the semiconductor substrate is exposed to multiples pulses of nitrogen 

during deposition of the tungsten bulk layer with delays between the nitrogen pulses, 

wherein the CVD deposition of the bulk layer is performed without depositing tungsten 

by a pulsed nucleation layer (PNL) process during the CVD deposition of the bulk 

layer. 

 

2. The method of claim 1 wherein depositing a tungsten bulk layer comprises one 

or more cycles, wherein a cycle comprises at least one CVD operation in which a 

tungsten-containing precursor is reduced by a reducing agent in the absence of nitrogen 

to deposit tungsten and at least one CVD operation in which a tungsten-containing 

precursor is reduced by a reducing agent in the presence of nitrogen to deposit 

tungsten. 

 

3. The method of claim 2 comprising at least two cycles. 

 

4. The method of claim 1 wherein the reflectivity of the deposited tungsten bulk 

layer is 20% greater than that of a bare silicon wafer. 

 

5. The method of claim 1 wherein the resistivity of the deposited tungsten bulk 

layer is less than about 15 micro-ohm-cm. 

 

6. The method of claim 1 wherein the resistivity of the deposited tungsten bulk 

layer is less than about 13 micro-ohm-cm. 
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7. The method of claim 1 wherein the deposited bulk layer comprises a first 

thickness deposited by reduction of a tungsten-containing precursor in the presence of 

nitrogen and a second thickness deposited by reduction of a tungsten-containing 

precursor in the absence of nitrogen, wherein the total thickness is the summation of 

the first and second thicknesses and wherein the ratio of the first thickness to the total 

thickness is between about 0.2 and 0.9. 

 

8. The method of claim 7 wherein the ratio of the first thickness to the total 

thickness is between about 0.4 and 0.8. 

 

9. The method of claim 7 wherein the ratio of the first thickness to the total 
thickness is between about 0.5 and 0.8. 
 
10. The method of claim 7 wherein the ratio of the first thickness to the total 
thickness is between about 0.6 and 0.8. 
 
11. The method of claim 1 wherein depositing the tungsten nucleation layer 
comprises alternating pulses of a reducing agent and a tungsten containing precursor 
over the substrate to deposit the nucleation layer by a PNL process. 
 
12. The method of claim 1 wherein depositing the tungsten bulk layer comprises at 
least one CVD operation in which a tungsten-containing precursor is reduced by a 
reducing agent in the absence of nitrogen to deposit tungsten and at least one CVD 
operation in which a tungsten-containing precursor is reduced by a reducing agent in 
the presence of nitrogen to deposit tungsten, and the temperature during the CVD 
operation in the presence of nitrogen in higher than that during the CVD operation in 
the absence of nitrogen. 
 
13. The method of claim 1 wherein depositing the tungsten bulk layer comprises 
reducing WF6 with H2. 
 
14. The method of claim 2 wherein the tungsten-containing precursor is WF6 and 
the reducing agent is H2. 
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15. The method of claim 1 wherein depositing the tungsten bulk layer comprises 
multiple sequential CVD operations in which a reducing agent reduces a tungsten-
containing precursor in the presence of nitrogen, wherein there is a delay between the 
multiple sequential CVD operations of at least 1 second. 

 
16. A method of forming a tungsten film on a semiconductor substrate, the method 

comprising: 

 depositing a tungsten nucleation layer on the semiconductor substrate; and  

 depositing a tungsten bulk layer on the tungsten nucleation layer by reduction of 

a tungsten-containing precursor in a CVD process in which the semiconductor substrate 

is exposed to multiples pulses of nitrogen during deposition of the tungsten bulk layer 

with delays between the nitrogen pulses such that � is between 0.2 and 0.9, wherein � 

is the thickness of the tungsten of the tungsten bulk layer deposited in the presence of 

nitrogen divided by the total thickness of the tungsten bulk layer. 

 

17. The method of claim 16 wherein � is between 0.5 and 0.8. 

 

18. The method of claim 16 wherein the tungsten bulk layer is deposited by H2 

reduction of WF6. 

 

19. A method of forming a tungsten film on a semiconductor substrate, the method 

comprising: 

 depositing a tungsten nucleation layer on the semiconductor substrate; 

 depositing a tungsten bulk layer on the tungsten nucleation layer by a CVD 

process in which the semiconductor substrate is exposed to multiple pulses of nitrogen 

during CVD deposition of the tungsten bulk layer with delays between the nitrogen 

pulses; 

 wherein depositing a tungsten bulk layer comprises one or more cycles, wherein 

a cycle comprises at least one CVD operation in which a tungsten-containing precursor 

is reduced by a reducing agent in the absence of nitrogen to deposit tungsten and at 

least one CVD operation in which a tungsten-containing precursor is reduced by a 

reducing agent in the presence of nitrogen to deposit tungsten, 
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 wherein the semiconductor substrate is continuously exposed to a tungsten-

containing precursor throughout each CVD operation and the tungsten bulk layer does 

not include intervening pulsed nucleation layer (PNL)-deposited layers. 

 

20. A method of forming a tungsten film on a semiconductor substrate, the method 

comprising: 

 depositing a tungsten nucleation layer on the semiconductor substrate; 

 depositing a tungsten bulk layer on the tungsten nucleation layer by a CVD 

process in which the semiconductor substrate is exposed to multiple pulses of nitrogen 

during CVD deposition of the tungsten bulk layer with delays between the nitrogen 

pulses, 

 wherein the semiconductor substrate is continuously exposed to a reducing 

agent throughout deposition of the tungsten bulk layer and the tungsten bulk layer does 

not include intervening non-bulk layers. 

 

21. An apparatus for depositing tungsten film on a substrate comprising: 

 a) deposition chamber comprising: a substrate support and one or more gas 

inlets configured to expose the substrate to pulses of gas; and  

 b) a controller for controlling the operations in the deposition chamber, the 

controller comprising instructions for simultaneously flowing a tungsten-containing 

precursor and a reducing agent into the chamber; and for pulsing nitrogen into the 

chamber with delays between the nitrogen pulses, including instructions for 

simultaneously flowing the tungsten-containing precursor and the reducing agent into 

the chamber during a delay and instructions for simultaneously flowing the tungsten-

containing precursor and the reducing agent into the chamber during a nitrogen pulse. 

 

22. The apparatus of claim 21, wherein the controller further comprises instructions 

for simultaneously flowing the tungsten-containing precursor and the reducing agent 

into the chamber throughout a delay and instructions for simultaneously flowing the 

tungsten-containing precursor and the reducing agent into the chamber throughout a 

nitrogen pulse. 
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23. The apparatus of claim 21, wherein the controller further comprises instructions 

for maintaining a higher substrate support temperature during a nitrogen pulse than 

during a nitrogen delay. 

 

24. The apparatus of claim 21, wherein the delay is at least 1 second. 

 
 




