NIST SRM 2135c EPMA Measurements

This study of the SRM 2135c depth profile standard from NIST that consists of alternating layers of Cr and Ni on a Si substrate. The purpose of the study was to test the quantitative capabilities of the electron microprobe with thin films for quantifying thin film compositions of replicate deposited layers on Si substrates. 

This study used two software packages for acquisition and analysis of the measured x-ray intensities, Probe for Windows-Enterprise Edition and StrataGem software packages. The SRM is described in detail here:


http://patapsco.nist.gov/srmcatalog/certificates/2135c.pdf
This analysis was performed by assuming a homogeneous mixture of the elements in the film on top of the Si substrate and iterating on the “average” composition. This assumption, although not physically accurate, seems to give the most accurate composition of the total replicate film composition for many systems over a range of replicate layer thickness’. This particular test, using a test specimen with only a few, very thick replicate layers, is an extreme test of this assumption.

This work was done at the CAMCOR Microanalytical Facility at the University of Oregon. Please contact John Donovan for more information. (541) 346-4632, donovan@uoregon.edu
1.) Thin Film (traverse 1)- homogeneous model (all elements in one layer on Si) (10, 15, 20 25 keV)

Note first that analysis of oxygen gave approximately 0.59 wt. % (~2% atomic) in homogeneous model and second, that the homogeneous physical model assumption starts to fail at accelerating voltages below 15 keV due to the extreme thickness of the film (no Si substrate signal could be measured below this voltage). 

Even so, the calculated homogeneous composition agrees well with the certified values as a ratio (see table).  The calculated total was 97.23 wt % for the data including the 10 keV data and 99.73 without the 10 keV data (see next page).
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Homogeneous Model

Total Thickness
Cr
Ni
O
Cr
Ni
O

Certified
206.3 ug/cm2
197.4 ug/cm2

.5110
.4889


Measured
217.4 ug/cm2
206.7 ug/cm2
2.5 ug/cm2
.5084
.4857
.0059

Thin Film (traverse 1 again)- homogeneous model (all elements in one layer on Si) (15, 20 25 keV)

Same as above but without 10 keV data.
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Homogeneous Model (without 10 keV data)

Total Thickness
Cr
Ni
O
Cr
Ni
O

Certified
206.3 ug/cm2
197.4 ug/cm2

.5110
.4889


Measured
216.4 ug/cm2
205.0 ug/cm2
2.37 ug/cm2
.5106
.4838
.0056

These measured compositional values agree excellently with the “certified” values for Ni and Cr (relative errors within .08% for Cr and within 1.1% for Ni), although the total calculated mass thickness was high by approximately 4.9% for Cr and 3.8% for Ni.

EXPERIMENTAL DATA

Element
Line
Standard
HVstd
HVx
Ix/Istd
Kratio
Iter

O
Ka
STD-912
10.00
10.00
0.0207
0.0055
x





15.00
15.00
0.0177
0.0037
x




20.00
20.00
0.0165
0.0028
x





25.00
25.00
0.0159
0.0023
x

----------------------------------------------------------------------

Ni
Ka
STD-528
10.00
10.00
0.3984
0.3635
x





15.00
15.00
0.4709
0.4611
x





20.00
20.00
0.3848
0.3810
x




25.00
25.00
0.2733
0.2717
x

----------------------------------------------------------------------

Cr
Ka
STD-524
10.00
10.00
0.5636
0.5302
x





15.00
15.00
0.4685
0.4547
x





20.00
20.00
0.3704
0.3624
x





25.00
25.00
0.2657
0.2609
x

----------------------------------------------------------------------

Si
Ka
STD-514
10.00
10.00
0.0008
0.0008
x




15.00
15.00
0.0161
0.0159
x





20.00
20.00
0.0650
0.0645
x





25.00
25.00
0.1122
0.1116
x

======================================================================

                                 USED STANDARDS

                                    STD-912

Tilt angle            :
  0
degrees

Layer #
Element
Concentration

Mass Depth
Thickness
Density




(# atoms)
(µg/cm²)
(nm)

1
C
1.0000
1.0000
 4.520
  20.0
   2.3

----------------------------------------------------------------------

Substrate
Mg
0.6023
0.4996


O
0.3963
0.4997


Ca
0.0014
0.0007

----------------------------------------------------------------------

                                    STD-528

Tilt angle            :
  0
degrees

Layer #
Element
Concentration

Mass Depth
Thickness
Density




(# atoms)
(µg/cm²)
(nm)

1
C
1.0000
1.0000
 4.520
  20.0
   2.3

----------------------------------------------------------------------

Substrate
Ni
1.0000
1.0000

----------------------------------------------------------------------

                                    STD-524

Tilt angle            :
  0
degrees

Layer #
Element
Concentration

Mass Depth
Thickness
Density




(# atoms)
(µg/cm²)
(nm)

1
C
1.0000
1.0000
 4.520
  20.0
   2.3

----------------------------------------------------------------------

Substrate
Cr
0.9882
0.9688


Fe
0.0028
0.0026


O
0.0090
0.0287

----------------------------------------------------------------------

                                    STD-514

Tilt angle            :
  0
degrees

Layer #
Element
Concentration

Mass Depth
Thickness
Density




(# atoms)
(µg/cm²)
(nm)

1
C
1.0000
1.0000
 4.520
  20.0
   2.3

----------------------------------------------------------------------

Substrate
Si
1.0000
1.0000

======================================================================

