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CLAIMS 

1. A method for processing a substrate in a processing chamber using at least one time

trace based prediction model, comprising:

dry processing a substrate, wherein the dry processing creates at least one gas by-

product; 

measuring a concentration of the at least one gas by-product, wherein the 

concentration of the at least one gas by-product is measured based on light absorption, 

wherein the concentration of the at least one gas by-product is measured using a multi-pass 

gas cell with an optical path length of at least one meter, wherein the at least one gas by-

product is measured after the at least one gas by-product has passed through an exhaust 

pump, by placing the multi-pass gas cell on an output side of the exhaust pump;  

obtaining a time trace of the concentration of the at least one gas by-product;  

providing the obtained time trace of the concentration as input for the at least one time 

trace based prediction model to obtain at least one process output; and 

using the at least one process output to adjust at least one process parameter, wherein 

the using the at least one process output to adjust at least one process parameter uses the at 

least one process output to adjust the at least one process parameter in real time. 

2. The method, as recited in claim 1, wherein the at least one time trace based prediction

model is based on a multi-variate method.

3. The method, as recited in claim 1, further comprising calculating a lump sum of

absorption values from the obtained time trace of the concentration.

4. The method, as recited in claim 1, wherein the at least one time trace based prediction

model is further based on at least one of etch rate, uniformity, critical dimension, etch profile,

wet clean, etch performance, chamber matching, and chamber cleaning performance.

5. The method, as recited in claim 1, wherein the using the at least one process output

comprises determining a change in at least one of etch rate, uniformity, critical dimension,
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and etch profile. 

6. The method, as recited in claim 1, wherein the using the at least one process output

comprises determining if at least one of etch rate, uniformity, CD, and etch profile is out of

specification.

7. A method for processing a substrate in a processing chamber using at least one time

trace based prediction model, comprising:

dry processing a substrate, wherein the dry processing creates at least one gas by-

product; 

measuring a concentration of the at least one gas by-product, wherein the 

concentration of the at least one gas by-product is measured based on light absorption, 

wherein the concentration of the at least one gas by-product is measured using a multi-pass 

gas cell with an optical path length of at least one meter, wherein the at least one gas by-

product is measured after the at least one gas by-product has passed through an exhaust 

pump, by placing the multi-pass gas cell on an output side of the exhaust pump;  

obtaining a time trace of the concentration of the at least one gas by-product;  

providing the obtained time trace of the concentration as input for the at least one time 

trace based prediction model to obtain at least one process output, wherein the at least one 

process output includes at least two process outputs; and 

using the at least one process output to adjust at least one process parameter. 

8. A method for processing a substrate in a processing chamber using at least one time

trace based prediction model, comprising:

dry processing a substrate, wherein the dry processing creates at least one gas by-

product; 

measuring a concentration of the at least one gas by-product;  

obtaining a time trace of the concentration of the at least one gas by-product;  

providing the obtained time trace of the concentration as input for the at least one time 

trace based prediction model to obtain at least one process output; and 

using the at least one process output to adjust at least one process parameter, wherein 
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the using the at least one process output to adjust at least one process parameter, comprises 

using the time trace based prediction model to determine an upper process limit and a lower 

process limit and comparing the at least one process output to the upper process limit and the 

lower process limit. 

9. A method for processing a substrate in a processing chamber using at least one time

trace based prediction model, comprising:

dry processing a substrate, wherein the dry processing creates at least one gas by-

product; 

measuring a concentration of the at least one gas by-product, wherein the 

concentration of the at least one gas by-product is measured based on light absorption, 

wherein the concentration of the at least one gas by-product is measured using a multi-pass 

gas cell with an optical path length of at least one meter, wherein the at least one gas by-

product is measured after the at least one gas by-product has passed through an exhaust 

pump, by placing the multi-pass gas cell on an output side of the exhaust pump, wherein the 

measuring the concentration of the at least one gas by-product measures the at least one gas 

by-product with an accuracy of parts per trillion;  

obtaining a time trace of the concentration of the at least one gas by-product;  

providing the obtained time trace of the concentration as input for the at least one time 

trace based prediction model to obtain at least one process output; and 

using the at least one process output to adjust at least one process parameter. 

10. A method of creating a time trace based prediction model, comprising:

dry processing a plurality of substrates using process parameters, wherein the dry

processing creates at least one gas by-product; 

measuring a concentration of the at least one gas by-product, wherein the 

concentration of the at least one gas by-product is measured based on light absorption, 

wherein the concentration of the at least one gas by-product is measured using a multi-pass 

gas cell with an optical path length of at least one meter, wherein the at least one gas by-

product is measured after the at least one gas by-product has passed through an exhaust 

pump, by placing the multi-pass gas cell on an output side of the exhaust pump, wherein the 

measuring the concentration of the at least one gas by-product measures the at least one gas 

MCSLLP



17 

by-product with an accuracy of parts per trillion; 

recording the process parameters;  

obtaining a plurality of time trace of the concentration of the at least one gas by-

product versus time for each substrate;  

measuring output parameters; and 

using the process parameters, obtained plurality of time traces, and measured output 

parameters to create a time trace based prediction model of at least one process output. 

11. The method, as recited in claim 10, wherein the at least one gas by-product comprises

a silicon containing gas.

12. The method, as recited in claim 10, wherein the using the process parameters,

obtained plurality of time traces, and measured output parameters to create the time trace

based prediction model of at least one process uses at least one of multivariable analysis or

neural networking.

13. The method, as recited in claim 10, wherein the at least one process output includes at

least one of etch rate, uniformity, critical dimension, etch profile, wet clean, etch

performance, chamber matching, and chamber cleaning performance.

14. A method of creating a time trace based prediction model, comprising:

dry processing a plurality of substrates using process parameters, wherein the dry

processing creates at least one gas by-product; 

measuring a concentration of the at least one gas by-product, wherein the 

concentration of the at least one gas by-product is measured based on light absorption, 

wherein the concentration of the at least one gas by-product is measured using a multi-pass 

gas cell with an optical path length of at least one meter, wherein the at least one gas by-

product is measured after the at least one gas by-product has passed through an exhaust 

pump, by placing the multi-pass gas cell on an output side of the exhaust pump;  

recording the process parameters; 

obtaining a plurality of time traces of the concentration of the at least one gas by-
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product versus time for each substrate;  

measuring output parameters; and 

using the process parameters, obtained plurality of time traces, and measured output 

parameters to create a time trace based prediction model of at least one process output, 

wherein the at least one process output includes at least two process outputs. 
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