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High Resolution Scans and Fits to Relevant Peaks

Angle-resolved XPS (ARXPS) was performed on thin films 
of 2-methyl-4-nitroanaline (MNA) vapor deposited onto a 
Si(001) substrate. The relative concentrations of the 
different components observed in the MNA film at takeoff 
angles of 30 and 90 degrees was determined. This allows an 
estimation of the layer composition and thickness as well as 
depth of all layers within a region of several electron escape 
depths from the surface.[1] The results obtained are 
compared to layer thicknesses from ellipsometric 
measurements and atomic force microscopy (AFM). 

[1] S. Spruytte, C. Coldren, J. Harris, D. Pantelidis, H. –J. Lee, J. Bravman and 
M. Kelly, J. Vac. Sci. Technol., A19, 603, 2001
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After the reduced area is calculated for all the chemical states a reduced area 
fraction can be calculated for each of them

( ) ( )
( ) ( ) ( )

0

, with sin
ri u

i i
ri

i

A zF n u e du u
A

θθ λ θθ

∞
−= = =∫∑

Abstract

Theory

Model of MNA/Si(001)

The thin film of MNA is 
modeled as series of well 
defined layers with 
thickness tj and depth dj.

For an element present in a particular chemical state in only one layer a 
reduced area ratio measured at takeoff angles of 30 and 90 degrees can be 
calculated from the reduced area fractions for each particular chemical 
state
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All chemical states present in the same layer have the same reduced area ratio. 
These two equations can be solved graphically to give a picture of the 
composition of the film. Once it is known which chemical states are present in 
the different layers, the thickness and depth of each layer in a complex 
multilayer structure can be determined by plotting R vs S and overplotting the 
experimental data points. Alternatively the depth and thickness of each layer 
can be computed analytically

The concentration of each chemical state (i) can be determined from the equation:

The reduced area is a quantity that is only a function of the chemical state is 
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Experimental Procedure
Four samples were examined using the ARXPS procedure described the 
samples grown under different conditions. The procedure was to acquire 
survey scans at takeoff angles of 30 and 90 degrees and then to make high-
resolution scans on the peaks containing the chemical states of interest. The 
measurements were made using a SPECS PHOBIOS 100 analyzer with a 5-
channeltron MCD detector and a SPECS RQ 20/38 C dual anode x-ray source. 
These measurements were made using the Mg anode. A differentially pumped 
rotary platform was used to adjust the takeoff angle so that the analyzed 
portion of the sample with respect to the analyzer did not change. The peaks in 
each high-resolution scan were fit using Levenberg-Marquardt algorithm and 
the area under the curve extracted for use in the computation of the reduced 
area fractions at 30 and 90 degrees. From the reduced area fractions the 
reduced area ratios and sums were computed. These points were plotted on 
graph of R vs S according to the previous theory. All the data analysis was 
performed automatically using IDL.

For a uniform layer j with thickness tj and depth dj below the surface containing 
chemical state i
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Sample 1 Sample 2

Sample 3 Sample 4

Plots of R vs S

Results and Discussion

Sample grown on native 
oxide

----------30/20/84

Substrate HF etched before 
deposition

20/14/815/3/83

Grown on the native oxide 
(SiO2 ~30Å

13/20/815/30/82

Grown on a thermally 
oxidized Si substrate

18/37/869/8 /81

CommentsMNA/SiO2/Si profile 
from ellipsometry (Å)

MNA/SiO2/Si 
profile from 
ARXPS (Å)

Sample 

The results from the ARXPS study are somewhat correlated to the results 
from SE, however there is not an exact match and, in at least in one case 
(sample 4), SE did not come up with a satisfactory result. Part of this 
problem may be attributed to the surface morphology observed in these 
films. From the AFM micrograph shown below. It can be seen that MNA 
tends to grow as clusters on SiO2/S(100) surface. The clusters have a 
height of ~ 14Å and a radius of  ~ 90Å. Clearly these voids made 
calculation of the film thickness difficult. Although the film thickness 
observed are comparable to the heights of these clusters.  

Further Work
Although this technique has proved quite successful with inorganic system 
(Nb/NbO) more development needs to be done on organic system. Our group
intends to use this technique on self-assembled monolayers (SAMs) of alkane-
thiols on gold with different terminal end groups. SAMs with mixed terminal 
end groups are known to segregate on the gold surface. Using these techniques 
we hope to be able to determine the composition of thin films alkane-thiols with 
mixed terminal end groups.


