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Summary
In summary, a series of comparisons have been performed between the SiON High Precision XPS Measurement and 
other analytical methods for both SiON thickness and N dose. The agreement between methods among all of the 
comparisons is good.  Although none of the methods described can claim to give the “absolute” correct values, these 
results offer confi dence that the SiON High Precision XPS analysis provides both measurements using a single technique 
while obtaining results comparable to those from all other techniques applicable for measuring these characteristics of 
SiON gate dielectric fi lms.

SiON gate dielectric fi lms for 130 nm, 90 nm and 65 nm node IC devices must be tightly 
controlled in both thickness and nitrogen dose, because these variables can not only be 
independent from one another, but each alone can affect the device performance. The SiON 
High Precision XPS Measurement has been developed to address these requirements, i.e., 
independent, high precision measurements of thickness and nitrogen dose in SiON gate 
dielectric fi lms.

However, the accuracy of an analytical measurement is sometimes a point of discussion, 
especially when NIST traceable reference materials are unavailable.  In this instance a 
comparison to other analytical methods can be helpful to build confi dence in the measurement. 
The SiON High Precision XPS Measurement for SiON thickness and N dose is compared below 
to ellipsometry, TEM, NRA (Nuclear Reaction Analysis) and SIMS.

For thickness comparison to ellipsometry, thin SiO2 fi lms were used since ellipsometry 
measurement of SiON fi lms is unreliable. Table 1 (upper half) shows the comparison for three 
samples with thicknesses ranging from 5 to 24 Å. The agreement is good between the two 
techniques.

For thickness comparison to TEM, SiON fi lms were used. The TEM cross sections for four 
SiON fi lms are shown in Figures 1 to 4. The comparison of the thickness values between TEM 
and XPS is shown in Table 1 (lower half) for thicknesses ranging from 17 to 56 Angstroms. The 
thickness values are consistent between the two techniques. Note that the TEM thickness values 
depend upon where the “interface” and “top surface” of the SiON fi lm are defi ned (see Figures 2 
and 4). For a 15Å SiON fi lm the distance between these two planes can vary by 10-30% across 
the TEM section image. In contrast the SiON High Precision XPS Measurement of SiON 
thickness has a precision <1% RSD.

Discussion

Table 1. Thickness Comparison: High Precision XPS, Ellipsometry and TE

Accuracy in SiON Thickness and 
N Dose Measurements by XPS

AN 412



©2007 Evans Analytical Group, LLC 2WWW.EAGLABS.COM

United States Locations

Tempe, Arizona     
     +1 480 239 0602 info.az@eaglabs.com     
     +1 602 470 2655 fax  
Sunnyvale, California
     810 Kifer Road
     +1 408 530 3500 info.ca@eaglabs.com
     +1 408 530 3501 fax
     1135 E Arques Avenue
     +1 408 738 3033
     +1 408 738 3035 fax 
     785 Lucerne Drive
     +1 408 737 3892
     +1 408 737 3916 fax
Peabody, Massachusetts     
     +1 978 278 9500  info.ma@eaglabs.com               
     +1 978 278 9501 fax

Chanhassen, Minnesota     
     +1 952 828 6411  info.mn@eaglabs.com          
     +1 952 828 6449 fax  
East Windsor, New Jersey     
     +1 609 371 4800  info.nj@eaglabs.com
      +1 609 371 5666 fax 
 Syracuse, New York     
     +1 315 431 9900  info.ny@eaglabs.com     
     +1 315 431 9800 fax 
 Raleigh, North Carolina     
     +1 919 829 7041  info.nc@eaglabs.com     
     +1 919 829 5518 fax 
 Round Rock, Texas     
     +1 512 671 9500  info.tx@eaglabs.com          
     +1 512 671 9501 fax

International Locations

Shanghai, China     
     +  86 21 6879 6088  info.cn@eaglabs.com     
     +  86 21 6879 9086 fax  
Tournefeuille, France     
     + 33 5 61 73 15 29  info.fr@eaglabs.com          
     + 33 5 61 73 15 67  fax
Frankfurt, Germany     
     + 49 (0) 693053213  info.de@eaglabs.com     
     + 49 (0) 69307941 fax  
Tokyo, Japan     
     + 81 3 5396 0531  info.jp@eaglabs.com     
     + 81 3 5396 1930 fax 
 HsinChu, Taiwan     
     + 886 3 5632303  info.tw@eaglabs.com     
     + 886 3 5632306 fax 
Uxbridge, United Kingdom     
     + 44 (0) 1895 811194  info.uk@eaglabs.com          
     + 44 (0) 1895 810350 fax

Accuracy in SiON Thickness and N Dose Measurements by XPS

For a N dose comparison to NRA, four SiON samples with N doses ranging from 6E14 
atoms/cm2 to 2.5E15 atoms/cm2 were used. The results are shown in Table 2. Again, good 
agreement exists between the two techniques.

For a N dose comparison to SIMS, a low dose nitrogen implant into SiO2 was used. 
The result is shown in Table 3. Good consistency is found between SIMS and the XPS 
measurement for N dose.

In summary, a series of comparisons have been performed between the SiON High 
Precision XPS Measurement and other analytical methods for both SiON thickness and N 
dose. The agreement between methods among all of the comparisons is good.  Although 
none of the methods described can claim to give the “absolute” correct values, these results 
offer confi dence that the SiON High Precision XPS analysis provides both measurements 
using a single technique while obtaining results comparable to those from all other 
techniques applicable for measuring these characteristics of SiON gate dielectric fi lms.

Table 2. N Dose Comparison: SiON High Precision XPS and NRA

Table 3. N Dose Comparison: SiON 
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