
Introduction of X-ray Reflectivity 



X-ray Techniques  

Salamon et al, J. Phys. D: Appl. Phys. 46 (2013) 095304 

GISAXS: Grazing Incidence 
Small Angle X-ray Scattering 

GIXRD: Grazing Incidence 
X-ray Diffraction 

In GISAXS, the angle αi is very small (<0.5o) for GISAXS, X-ray penetrates the sample 
and reflection is very strong, beam stopper is required to protect detector.  
In our experiment, αi =1.8o, beam intensity is reduced dramatically, no stopper. 
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Simple Explanation - consider as diffraction of 

scattered x-ray 



Reflection and Transmission at Single Surface 

n: refractive index 



Reflection and Transmission at Single Surface 
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wave-vector transfer 

 

 



Reflectivity from Multiple Layers 

qc,j is the wave-vector transfer 
in medium j at critical angle 



Approximation 

A further approximation consists in neglecting the refraction and the absorption 
in the material in the phase factor in Eq. (1): 

 (1) 

A final approximation consists in assuming that the wave vector qz does not 
change significantly from one medium to the next so that the sum in the 
denominator of rj, j+1 may be simplified: 

re  is the classical radius of the electron 
ρj is the electron density of layer j 

Where 

 (2) 



Approximation 

 (2) 

Thus, 

If the origin of the z axis is chosen to be at the upper surface (medium 0 at a depth 
of z1 = 0), consider that the material is made of an infinite number of thin layers, 
the sum may then be transformed into an integral over z, and the reflection 
coefficient becomes: 

Replacing (4πreρs)
2 /qz

4 by RF (qz): 

 (3) 

and 

ρ(z) is the electron density at z altitude 



Examples 

The data inversion gives the autocorrelation function of the first derivative of the 
electron density 

Ref: X-ray and neutron reflectivity principles and applications, 2009  

RF: Fresnel reflectivity of the substrate 



Examples 

Gilles Renaud et al. Science 300, 1416 (2003) 



Examples 

F. Leroy et al, PRL 95, 185501 (2005)  

All the pictures, the 
center scatter rod is 
blocked to protect 
detector, due to small 
angle, strong intensity 



Pilatus 100K  Detector System 

Pixel size  172 x 172 μm2 

Format  487 x 195 = 94 965 pixels  

Active area  83.8 x 33.5 mm2 

Counting rate  > 2x106 counts/s/pixel  

Energy range  3 – 30 keV  

Readout time  < 2.7 ms  

Framing rate  > 200 Hz  

Ki is the direction of incident X-
ray, pointing to sample. 
The recorded image is the 
reflected beam intensity image 

Schematic of BNL Experiment Geometry 



Sample: spec_start_S144_00190 



Local Average 
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Local average (Green curve) is defined as: 

 
 

 
 



Sample: spec_start_S144    
Sb film only deposited on Si (100) 

Two methods get the similar result for Sb deposition on Si (100). 


