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CLAIMS 

1. A non-transitory computer readable medium encoded with a computer 

program product comprising instructions to cause one or more processors to: 

obtain ground truth thickness measurements of a top layer of a calibration 

substrate at a plurality of locations, each location at a defined position for a die being 5 

fabricated on the substrate; 

obtain a plurality of color images of the calibration substrate, each color image 

corresponding to a region for a die being fabricated on the substrate; and 

train a neural network to convert color images of die regions from an in-line 

substrate imager to thickness measurements for the top layer in the die region, 10 

wherein the instructions to train the neural network include instructions to use  

training data that includes the plurality of color images and ground truth thickness 

measurements with each respective color image paired with a ground truth thickness 

measurement for the die region associated with the respective color image. 

15 

2. The computer readable medium of claim 1, wherein the instructions to 

obtain the plurality of color images include instructions to receive a scan of the 

calibration substrate from the in-line substrate imager. 

3. The computer readable medium of claim 1, wherein the instructions to 20 

obtain the plurality of color images include instructions to receive a color image of the 

calibration substrate, and to divide the color image into the plurality of color images 

based on a die mask. 

4. The computer readable medium of claim 1, comprising instructions to 25 

obtain ground truth thickness measurements of top layers of a plurality of calibration 

substrates, and obtain a plurality of color images for each of the calibration substrates. 

5. The computer readable medium of claim 1, wherein the instructions to 

obtain the ground truth thickness measurements comprise instructions to receive a 30 

measurement of a thickness at each of the plurality of locations from an optical 

profilometer. 
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6. The computer readable medium of claim 1, comprising instructions to 

obtain ground truth thickness measurements of an underlying layer of the 

calibration substrate at the plurality of locations; 

train the neural network to convert color images of die regions from the in-line 

substrate imager to thickness measurements of the underlying layer. 5 

7. The computer readable medium of claim 1, wherein the defined 

position is a center of the die. 

8.  The computer readable medium of claim 1, comprising instructions to 10 

obtain measurements from all dies in a substrate. 

9.  The computer readable medium of claim 1, comprising instructions to 

obtain measurements from all substrates in a lot at both pre and post chemical 

mechanical planarization. 15 

10. A method of training a neural network for use in a substrate thickness 

measurement system, comprising: 

obtaining ground truth thickness measurements of a top layer of a 

calibration substrate at a plurality of locations, each location at a defined position for 20 

a die being fabricated on the substrate; 

obtaining a plurality of color images of the calibration substrate, each 

color image corresponding to a region for a die being fabricated on the substrate; and 

training a neural network to convert color images of die regions from 

an in-line substrate imager to thickness measurements for the top layer in the die 25 

region, the training performed using training data that includes the plurality of color 

images and ground truth thickness measurements with each respective color image 

paired with a ground truth thickness measurement for the die region associated with 

the respective color image. 

30 

11. A computer program product, comprising a non-transitory computer-

readable medium encoded with instructions to cause one or more processors to: 

receive a first color image of a first substrate from an in-line monitoring 
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station of a polishing system; 

divide the first color image into a plurality of second color images using a die 

mask such that each second color image corresponds to a region for a die being 

fabricated on the first substrate; 

generate thickness measurements for one or more locations, each respective 5 

location of the one more locations corresponding to a respective region for a die being 

fabricated on the first substrate, wherein the instructions to generate the thickness 

measurement for a region include instructions to process a second color image 

corresponding to the region through a neural network that was trained using training 

data that included a plurality of third color images of dies of a calibration substrate 10 

and ground truth thickness measurements of the calibration substrate with each 

respective third color image paired with a ground truth thickness measurement for a 

die region associated with the respective third color image; and 

determine a value for a polishing parameter for the first substrate or a 

subsequent second substrate based on the thickness measurements. 15 

12. The computer program product of claim 11, comprising instructions to 

receive the first color image of the first substrate after polishing of the first substrate 

at a polishing station. 

20 

13. The computer program product of claim 12, comprising instructions to 

determine the polishing parameter for the polishing station for the subsequent second 

substrate based on the thickness measurements. 

14. The computer program product of claim 11, comprising instructions to 25 

receive the first color image of the first substrate before polishing of the first substrate 

at a polishing station. 

15. The computer program product of claim 14, comprising instructions to 

determine the polishing parameter for the polishing station for the first substrate based 30 

on the thickness measurements. 
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16. The computer program product of claim 11, wherein the polishing 

parameter comprises a pressure of a chamber in the carrier head. 

17. A polishing apparatus, comprising: 

a polishing station including a platen to support a polishing pad and a carrier 5 

head to hold a first substrate against the polishing pad; 

an in-line metrology station having a color camera to generate a color image 

of the first substrate; and 

a control system configured to  

receive a first color image of the first substrate from an in-line 10 

monitoring station of a polishing system, 

divide the first color image into a plurality of second color images 

using a die mask such that each second color image corresponds to a region for a die 

being fabricated on the first substrate; 

generate thickness measurements for one or more locations, each 15 

respective location of the one more locations corresponding to a respective region for 

a die being fabricated on the first substrate, wherein the instructions to generate the 

thickness measurement for a region include instructions to process a second color 

image corresponding to the region through a neural network that was trained using 

training data that included a plurality of third color images of dies of a calibration 20 

substrate and ground truth thickness measurements of the calibration substrate with 

each respective third color image paired with a ground truth thickness measurement 

for a die region associated with the respective third color image, and 

determine a value for a polishing parameter for the first substrate or a 

subsequent second substrate based on the thickness measurements; 25 

cause the polishing station to polish the first substrate or the 

subsequent second substrate using the determined polishing parameter. 

18. The apparatus of claim 17, wherein the polishing parameter comprises 

a pressure of a chamber in the carrier head. 30 
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19. The apparatus of claim 17, wherein the control system is configured to 

receive the first color image of the first substrate after polishing of the first substrate 

at a polishing station. 

20. A method of controlling polishing, comprising: 5 

obtaining a first color image of a first substrate at an in-line monitoring station 

of a polishing system; 

dividing the first color image into a plurality of second color images using a 

die mask such that each second color image corresponds to a region for a die being 

fabricated on the first substrate; 10 

generating thickness measurements for one or more locations, each respective 

location of the one more locations corresponding to a respective region for a die being 

fabricated on the first substrate, wherein generating a thickness measurement for a 

region includes processing a second color image corresponding to the region through 

a neural network that was trained using training data that included a plurality of third 15 

color images of dies of a calibration substrate and ground truth thickness 

measurements of the calibration substrate with each respective third color image 

paired with a ground truth thickness measurement for a die region associated with the 

respective third color image; and 

determining a value for a polishing parameter for the first substrate or a 20 

subsequent second substrate based on the thickness measurements.


